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(54) Electrostatic actuator and method of driving the same 



(57) An electrostatic actuator comprises first and 
second movable sections (2A, 2B) and a stator (3). The 
stator (3) has a hollow frame Into which the movable 
sections (2A, 2B) are arranged independently. Driving 
electrodes (4, 8) are provided on surfaces of the mova- 
ble sections (2A, 28) and holding electrodes (5, 11) are 
also provided on the opposite surfaces pf the movable 
section (2A, 2B), A driving electrode section (12) is pro- 
vided on the inner surface of the stator (3) facing the 
driving electrodes (4, 8) on the movable section (2A, 
2B). Also, holding electrode sections (1 4A, 1 48) are pro- 
vided on the inner surface of the stator (3) facing the 



holding electrodes (5, 11) on the movable section. 
Stripes of the electrodes (4, 8, 1 2) are arranged in a lon- 
gitudinal direction and each strip is extended in a lateral 
direction crossing the longitudinal direction, and the 
holding electrodes (5), (11, 14A, 148) are extended in 
the longitudinal direction. Lenses (6, 9) are mounted to 
the movable sections (2A, 28) and the movable sections 
(2A, 28) are moved between the electrode section (12) 
and the electrode sections (14A, 148) and fixed inde- 
pendently so as to focus the image to be photographed, 
thereby magnifying or reducing the photographed im- 
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Description 

[0001] The present invention relates to an electrostat- 
ic actuator for electrostatically driving a slider or a n^ov- 
able section and a method of driving the same, particu- s 
larly. to an electrostatic actuator including movable sec- 
tions that ca n be driven individually and a method of driv- 
ing the same. 

[0002] An electrostatic actuator is small and light- 
weight and, thus, can be used for the focusing of a lens io 
system mounted to an endoscope, a movable telephone 
such as a portable telephone or an apparatus such as 
various kinds of PDA (Personal Digital Assistant). Such 
being the situation, the electrostatic actuator attracts at- 
tentions in recent years. 

[0003] FIG. 1 isanobliqueviewshowingtheconstruc- 
tlon of a conventional electrostatic actuator 100. As 
shown In the drawing, the electrostatic actuator 100 
comprises a slider or movable section 101 and a stator 
102. The movable section 101 is substantially in the 
form of a parallelepiped having a through-hole formed 
therein In a mannerto extend in the longitudinal direction 
of the movable section 101, and the stator 102 is also 
substantially in the form of a parallelepiped having a 
through-hole formed therein in a manner to extend in ^5 
the longitudinal direction of the stator 1 02. The movable 
section 1 01 is slidable into the through-hole of the stator 
102 such that the movable section 101 is movable within 
the stator 102 in the longitudinal direction of the stator 
1 02. Incidentally, a clearance of several microns is pro- 30 
vided between the stator 102 and the movable section 
101. 

[0004] Also, a convex stripe electrodes 103A and 
1 03B are formed by, for example, an etching in the mov- 
able section 101 so as to fomri a pair of electrode sur- 35 
faces facing the inner surfaces of the stator 1 02. An op- 
tical system of lenses 1 04 having optical axes extending 
along the axis of the through-hole are fixed within the 
through-hole of the movable section 101 . The movable 
section 101 is moved and the optical system of these "to 
lenses is also moved with the movable section 101 so 
as to adjust the focus of the optical system on a subject 
to be examined. 

[0005] A wiring 1 05 for applying a driving signal to the 
movable section 101 Is connected to the movable sec- 
tion 101. Glass plates 106A and 106B are mounted to 
those inner surfaces of the stator 102 which face the 
electrodes 103A and 103B, respectively, and first elec- 
trodes 1 07A of a first group GA and a second group GB 
and second electrodes 1 07B of a third group GC and a so 
fourth group GO are formed on the glass plates 106A 
and 106B, respectively, by patterning a conductive ma- 
terial. The electrodes 1 07A of the first group GA and the 
second group GB are alternately arranged at the same 
pitch. Likewise, the electrodes 107B of the third group 55 
GC and the fourth group GD are also alternately ar- 
ranged in the same pitch. Also, the electrodes 1 07A and 
the electrodes 107B are arranged deviant from each 



other by a half pitch. 

[0006] The operation of the electrostatic actuator hav- 
ing the construction described above will now be de- 
scribed with reference to FIG. 2. 

(1 ) In the first step, a voltage of +V [V] is applied to 
the first group GA of the electrode 1 07A. As a result, 
an electrostatic attracting force is generated be- 
tween the electrode 107A of the first group GA and 
the electrode 103A. By this electrostatic attracting 
force, the movable section 101 begins to be moved 
toward the glass plate 106A of the stator 102. and 
the electrode 103A is attracted to the electrode 
1 07A of the first group GA a predetemriined time lat- 
er. 

(2) In the next step, a voltage of +V [V] is applied to 
the electrode 1 07B of the third group GC among the 
electrodes 1 07B, with the result that an electrostatic 
force is generated between the electrode 1 07B of 
the third group GC and the electrode 103B. By this 
electrostatic force, the movable section 101 begins 
to be moved toward the glass plate 1 068 of the sta- 
tor 1 02. As a result, the electrode 1 038 is attracted 
to the electrode 107B of the third group GC a pre- 
determined time later. The movable section 101 is 
moved to the right in FIG. 2 by a distance equal to 
half the arranging pitch of the electrode 106A or 
1 06B, compared with the position described in item 
(1) above. 

(3) Further, a voltage of +V [V] is applied to the sec- 
ond group GB of the electrode 1 07A, with the result 
that an electrostatic force is generated between the 
electrode 1 07A of the second group GB and the 
electrode 1 03A. By this electrostatic force, the mov- 
able section 1 01 begins to be moved again toward 
the glass plate 106A, and the electrode 1 03 A is at- 
tracted to the electrode 107A of the second group 
GB a predetermined time later. The movable sec- 
tion 1 01 Is moved to the right in FIG. 2 by a distance 
equal to the arranging pitch of the electrode 1 07A 
or 107B, compared with the position described in 
item (1) above. 

(4) Still further, a voltage of +V [V] is applied to the 
fourth electrode GD of the electrode 107B, with the 
result that an electrostatic force is generated be- 
tween the electrode 107B of the fourth group GD 
and the electrode 103B. By this eleclroslalic force, 
the movable section 101 begins to be moved again 
toward the glass substrate 106B, and the electrode 
1 03B is attracted to the electrode 1 07B of the fourth 
group GD. The movable section 101 is moved to 
the left in FIG. 2 by a distance equal to 1 .5 times as 
much as the arranging pitch of the electrode 107A 
or 1 07B, compared with the position described in 
item (1) above. 

[0007] The steps of items (1) to (4) described above 
are repeated so as to move the movable section 101 to 
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the right in FIG. 2 by a distance equal to half the an^ang- 
ing pitch of the electrodes every time each of the steps 
of items (2) to (4) is performed. 

[0008] It should also be noted that, if the voltage Is 
applied to the electrode in the order of items (4). (3), (2) 
and (1) described above, the movable section 101 can 
be moved to the right in FIG. 2 by a distance equal to 
half the arranging pitch of the electrodes every time 
each of the steps of items (3) to (1 ) is performed. 
[0009] It is possible to move the lens 1 04 mounted to 
the movable section 1 01 by moving the movable section 
101 by the steps of items (1) to (4) described above so 
as to adjust the focus of the lens 1 04 on the subject. 
[0010] As described above, in the conventional elec- 
trostatic actuator, it is possible to move the movable sec- 
tion to a desired position so as to adjust the focus of the 
tens on the subject to be photographed. However, the 
conventional electrostatic actuator gives rise to the 
problem that ills Impossible to realize the zooming func- 
tion of magnifying or reducing the photographed image. 
The difficulty is based on the mechanism that the lens 
system is moved with a single movable section. 
[0011] It should also be noted that, even if a plurality 
of movable sections are mounted to the conventional 
electrostatic actuator for magnifying or reducing the 
photographed image, It is necessary for the plural mov- 
able sections to be moved or fixed independently for 
magnifying or reducing the photographed image. In the 
electrostatic actuator of the conventional structure, how- 
ever, it is impossible to operate the electrostatic actuator 
with the plural movable sections moved or fixed within 
the stator independently. 

[0012] An object of the present invention is to provide 
an electrostatic actuator capable of independently op- 
erating movable sections for magnifying or reducing the 
photographed Image. 

[001 3] According to a first aspect of the present inven- 
tion, there is provided an electrostatic actuator, compris- 
ing: 

first stator electrodes arranged in a predetermined 
direction and extending in a direction crossing the 
predetermined direction; 

a second stator electrode arranged to face the first 
stator electrodes and extending In the predeter- 
mined direction; 

a third staler electrode arranged to face the first sta- 
tor electrodes and extending in the predetermined 
direction so as to be electrically isolated from the 
second stator electrode; 

a first movable section provided with first and sec- 
ond movable section electrodes, arranged movable 
within a moving space in the predetermined direc- 
tion, the moving space being defined between the 
first stator electrodes and the second stator elec- 
trode, the first movable section electrodes being 
mounted to the first movable section to face the first 
stator electrodes, and the second movable section 



electrode being mounted to the first movable sec- 
tion to face the second stator electrode; and 
a second movable section provided with third and 
fourth movable section electrodes, arranged inde- 

5 pendently of the first movable section, the second 
movable section being movable within the moving 
space In the predetermined direction, the third mov- 
able section electrodes being mounted to the sec- 
ond movable section to face the first stator elec- 

10 trodes, and the fourth movable section electrode 
being mounted to the second movable section to 
face the third stator electrode. 

[0014] According to a second aspect of the present 
IS invention, there is provided an electrostatic actuator 
comprising: 

a stator including a hollow stator frame having a 
space extending in a predetermined direction, the 
stator frame having a first inner surface extending 
in parallel to the predetermined direction and a sec- 
ond inner surface facing the first inner surface, first 
stator electrodes arranged in the predetermined di- 
rection on the first inner surface and each of the sta- 
tor electrode extending in a direction crossing the 
predetermined direction, and second and third sta- 
tor electrodes electrically isolated each other, ar- 
ranged on the second inner surface and extending 
in the predetermined direction; 
a first movable section arranged in the space to be 
movable in the predetermined direction, the first 
movable section including first movable section 
electrodes facing the first stator electrodes, each of 
the first movable section electrodes extending in a 
direction crossing the predetermined direction, and 
a second movable section electrode extending in 
the predetermined direction to face the second sta- 
tor electrode; 

a second movable section arranged in the space to 
be movable in the predetennined direction, and in- 
cluding third movable section electrodes facing the 
first electrodes, each of the third movable section 
electrodes extending in a direction crossing the pre- 
determined direction, and a fourth movable section 
electrode extending in the predetermined direction 
to face the third stator electrode, and 
a driving circuit configured to supply a first driving 
signal to the first stator electrodes, to supply one of 
a second driving signal and a first holding voltage 
signal to the second stator electrode, and to supply 
one of a third driving signal and a second holding 
voltage signal to the third stator electrode so as to 
move both or one of the first and second movable 
sections in the predetennined direction. 

[0015] According to a third aspect of the present in- 
vention, there is provided an imaging apparatus for 
forming an image of a subject on an image-forming sur- 
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face, comprising: 

first stator electrodes arranged in a predetermined 
direction and extending in a direction crossing the 
predetemnined direction; 5 
a second stator electrode arranged to face the first 
stator electrodes and extending in the predeter- 
mined direction; 

a third stator electrode arranged to face the first sta- 
tor electrodes and extending in the predetermined io 
direction so as to be electrically isolated from the 
second stator electrode; 

a first movable section having a first hollow space, 
provided with first and second movable section 
electrodes, arranged movable within a moving is 
space in the predetermined direction, the moving 
space being defined between the first stator elec- 
trodes and the second stator electrode, the first 
movable section electrodes being mounted to the 
first movable section to face the first stator elec- 
trodes, and the second movable section electrode 
being mounted to the first movable section to face 
the second stator electrode; and 
a second movable section having a second hollow 
space, provided with third and fourth movable sec- 
tion electrodes, arranged independently of the first 
movable section, the second movable section being 
movable within the moving space In the predeter- 
mined direction, the third movable section elec- 
trodes being mounted to the second movable sec- 30 
tion to face the first stator electrodes, and the fourth 
movable section electrode being mounted to the 
second movable section to face the third stator elec- 
trode. 

a first optical lens system having a first optical axis 35 
arranged in the predetermined direction within the 

first hollow space; 

a second optical system having a second optical ax- 
is arranged in the predetemnined direction within the 
second hollow space, the image fonming surface 40 
configured to face an Image of a subject depending 
on the positions of the first and second lens systems 
relative to the image-forming surface; and 
a driving circuit configured to supply a first driving 
signal to the first stator electrodes, to supply one of 
a second driving signal and a first holding voltage 
signal to the second staler electrode, and to supply 
one of a third driving signal and a second holding 
voltage signal to the third stator electrode so as to 
move both or one of the first and second movable so 
sections in the predetermined direction. 

[0016] According to a fourth aspect of the present in- 
vention, there is provided a method of driving an elec- 
trostatic actuator, the electrostatic actuator comprising: ss 

first stator electrodes arranged in a predetermined 
direction and extending in a direction crossing the 



predetermined direction; 

a second stator electrode arranged to face the first 
stator electrodes and extending in the predeter- 
mined direction; 

a third stator electrode arranged to face the first sta- 
tor electrodes and extending in the predetermined 
direction so as to be electrically Isolated from the 
second stator electrode; 

a first movable section provided with first and sec- 
ond movable section electrodes, arranged movable 
within a moving space in the predetermined direc- 
tion, the moving space being defined between the 
first stator electrodes and the second stator elec- 
trode, the first movable section electrodes being 
mounted to the first movable section to face the first 
stator electrodes, and the second movable section 
electrode being mounted to the first movable sec- 
tion to face the second stator electrode; and 
a second movable section provided with third and 
fourth movable section electrodes, arranged inde- 
pendently of the first movable section, the second 
movable section being movable within the moving 
space in the predetermined direction , the third mov- 
able section electrodes being mounted to the sec- 
ond movable section to face the first stator elec- 
trodes, and the fourth movable section electrode 
being mounted to the second movable section to 
face the third stator electrode; the method compris- 
ing: 

supplying a first driving a driving signal to the 
first stator electrodes; 

supplying one of a second driving voltage and 
a first holding voltage signal to the second sta- 
tor electrode; and 

supplying one of a th Ird driving signal and a sec- 
ond holding voltage signal to the third stator 
electrode wherein both or one of the first and 
second movable sections move in the prede- 
termined direction. 

[0017] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0018] The Invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is an oblique view schematically showing a 
movable section and a stator included in a conven- 
tional electrostatic actuator; 

FIG. 2 is a vertical cross sectional view schemati- 
cally showing the construction inside the conven- 
tional electrostatic actuator; 

FIG, 3A is an oblique view schematically showing 
the construction of an electrostatic actuator accord- 
ing to a first embodiment of the present invention, 
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in which pair of movable sections is located outside 
of the stator frame; 

FIG. 3B is an oblique view schematicalty showing 
the arrangement of the stator electrodes of the sta- 
tor on the driving side shown in FIG. 3A; s 
FIG. 3C is an oblique view schematically showing 
the arrangement of the stator electrodes on the side 
of holding the movable section shown in FIG. 3A; 
FIG. 4A is a vertical cross sectional view schemat- 
ically showing the inner structure of the electrostatic io 
actuator shown in FIG. 3A; 

FIG. 4B is a cross sectional view schematically 
showing the construction of the electrostatic actua- 
tor along the line X-X shown in FIG. 4A; 
FIG. 4C Is a cross sectional view schematically is 
showing the construction of the electrostatic actua- 
tor along the line Y-Y shown in FIG. 4A; 
FIG. 4D Is a cross sectional view schematically 
showing the relationship between the number of 
holding electrodes and the side surface gap in the 
electrostatic actuator shown in FIG. 4A; 
FIGS. 5A to 5F are timing charts showing the volt- 
ages applied to the electrodes of the stator in the 
case where two movable sections arc simultane- 
ously moved in the same direction in the electrostat- 25 
ic actuator shown in FIG. 4A; 
FIGS. 6A to 6F are timing charts showing the volt- 
ages applied to the electrodes of the stator in the 
case where one of two movable sections is moved 
in a certain direction in the electrostatic actuator 30 
shown in FIG. 4A; 

FIGS. 7A to 7F are timing charts showing the volt- 
ages applied to the electrodes of the stator in the 
case where the other of the two movable sections 
is moved in a certain direction in the electrostatic 35 
actuator shown in FIG. 4A; 

FIGS. 8A to 8C are cross sectional views directed 
to a modification of the electrostatic actuator shown 
in FIG. 4A and each showing schematically the op- 
erating states of two movable sections; 40 
FIGS. 9A to 9F are timing charts showing the volt- 
ages applied to the electrodes of the stator in the 
case where two movable sections are simultane- 
ously moved in the same direction in the electrostat- 
ic actuator shov;n in FIG. 8A; 4s 
FIGS. 1 0A to 1 0F are timing charts showing the volt- 
ages applied lo the electrodes of the stator in the 
case where one of two movable sections is moved 
In a certain direction in the electrostatic actuator 
shown in FIG. 8B; 50 
FIGS. 11 A to 11 F are timing charts showing the volt- 
ages applied to the electrodes of the stator in the 
case where the other of the two movable sections 
is moved in a certain direction in the electrostatic 
actuator shown in FIG. 8C; 55 
FIG. 1 2A is a vertical cross sectional view schemat- 
ically showing the inner structure of an electrostatic 
actuator according to a modification of the first em- 



bodiment of the present invention; 
FIG. 128 is a graph showing the relationship be- 
tween the positions of the first and second movable 
sections and the optical magnification in the elec- 
trostatic actuator shown in FIG. 12A; 
FIG. 1 3A is a vertical cross sectional view schemat- 
ically showing the movable section of an electro- 
static actuator according to a modification of a sec- 
ond embodiment of the present invention; 
FIG. 138 is a plan view schematically showing the 
electrode pattern on the lower surface of the mov- 
able section shown in FIG. 13A; 
FIG. 13C is a plan view schematically showing the 
electrode pattern on the glass plate of a stator of 
the electrostatic actuator having the movable sec- 
tions shown in FIGS. 13A and 138 incorporated 
therein; 

FIG. 14A is a vertical cross sectional view schemat- 
ically showing the movable section of the electro- 
static actuator according to a modification of the 
second embodiment of the present invention; 
FIG. 148 is a plan view schematically showing the 
electrode pattern on the lower surface of the mov- 
able section shown in FIG. 14A; 
FIG. 14C is a plan view schematically showing the 
electrode pattern on the glass plate of the stator of 
an electrostatic actuator having the movable sec- 
tions shown in FIGS. 14A and 148 incorporated 
therein; 

FIG. 15A Is plan view schematically showing in a 
dismantled state the movable section of the electro- 
static actuator shown in FIG. 4A; 
FIG. 158 is an oblique view schematically showing 
the assembled state of the movable section shown 
in FIG. 15A; 

FIG. 15C is a cross sectional view schematically 
showing the movable section shown in FIG. 158 
and a mold having the movable section incorporat- 
ed therein; 

FIG. 15D Is an oblique view schematically showing 
the movable section prepared by using the mold 
shown in FIG. 15C; 

FIG. 16A is an oblique view schematically showing 
in a partly perspective fashion the mold for manu- 
facturing the stator of the electrostatic actuator 
shown In FIG. 4A; 

FIG. 168 is an oblique view schematically showing 
a glass plate used for manufacturing the stator in- 
cluded in the electrostatic actuator shown in FIG. 
4A; 

FIG. 16C is an oblique view schematically showing 
in a partly perspective fashion the assembled struc- 
ture by mounting a glass plate to the mold of the 
stator shown in FIG. 16A; 

FIG. 16D is an oblique view schematically showing 
the core mounted to the mold of the stator shown in 
FIG. 16C; 

FIG. 17A is an oblique view schematically showing 
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the electrode of the movable section used in the 
method of manufacturing the electrostatic actuator 
of the present invention; 

FIG. 1 7B is an oblique view schematically showing 
the body of the movable section used in the method 
of manufacturing the electrostatic actuator of the 

present invention; 

FIG. 1 10 is an oblique view schematically showing 
the movable section prepared by fixing the elec- 
trode of the movable section shown in FIG. 17A to 
the body of the movable section shown in FIG. 1 7B; 
FIG. 1 8 is a vertical cross sectional view schemat- 
ically showing the movable section used in the man- 
ufacturing method of an electrostatic actuator of the 
present invention and a mold of the movable sec- 
tion; and 

FIG. 1 9 is a plan view schematically showing a mold 
of the movable section and the stator used in the 
manufacturing method of an electrostatic actuator 
of the present invention. 

[001 9] Electrostatic actuators according to some em- 
bodiments of the present invention will now be de- 
scribed with reference to the accompanying drawings. 
[0020] The electrostatic actuator, which is small and 
lightweight, can be used for the focusing of the lens 
mounted to an endoscope, a movable telephone such 
as a portable telephone and various PDA's (Personal 
Digital Assistants) and, thus, attracts attentions In recent 
years. 

[0021] FIGS. 3A to 4A collectively show an electro- 
static actuator according to a first embodiment of the 
present invention. 

[0022] FIG. 3A is an oblique view schematically show- 
ing the electrostatic actuator 1 according to the first em- 
bodiment of the present invention. The electrostatic ac- 
tuator 1 shown in FIG. 3A comprises first and second 
movable sections 2A and 2B having a pair of movable 
section electrodes 4, 8 and another pair of movable sec- 
tion electrodes 5, 11 fonned on the upper surfaces and 
the lower surfaces, respectively, and a stator 3 having 
a pair of stator electrode sections 12, 14 arranged to 
face the movable section electrodes 4, 8 on the upper 
surfaces and the movable section electrodes 5, 11 on 
the lower surfaces of the movable sections 2A, 2B, re- 
spectively. 

[0023] The movable section electrodes 4, 8, 5, 11 are 
grouped into driving electrodes 4, 8 for driving the mov- 
able sections 2A, 2B and the holding electrodes 5, 1 1 
for fixing the movable sections 2A, 2B. On the other 
hand, the stator electrode sections 12, 14 are grouped 
into a driving electrode 12 for driving the stator and a 
holding electrode 14 for holding the movable sections 
2A, 2B at the desired positions. 

[0024] The construction of the stator 3 will now be de- 
scribed. Specifically, the stator 3 is formed of a stator 
frame 3A fonned of a frame of a hollow cube having a 
through-hole formed therein. The stator frame 3A has 



an upper inner surface 3A-1 , a lower inner surface 3A- 

2, and side inner surfaces 3A-3 and 3A-4. 

[0025] A driving electrode section 12 for driving the 
movable sections 2A, 2B is formed on one inner surface 
5 of the stator frame 3A, e.g., on the upper inner surtace 
3A-1 . Further, a holding electrode section 14 for holding 
the movable sections 2A, 2B at the desired positions Is 
formed on another inner surface facing the upper inner 
surface of the stator frame 3A, e.g., on the lower Inner 
10 surface 3A-2. 

[0026] The driving electrode section 12 is patterned 
in a desired shape and formed on the surface of a glass 
plate 13 In a manner to form a plurality of electrode 
stripes extending in, for example, the direction perpen- 
15 dicular to the longitudinal direction of the stator 3, I.e., 
extending In the lateral direction of the stator 3, as 
shown In FIG, 3A. Incidentally, the glass plate 1 3 having 
the driving electrode section 12 formed thereon is fitted 
to the inner surface 3A-1 of the stator 3. Also, each of 
20 the electrode stripes 1 2A to 12D of the driving electrode 
section 12 has a width of about 20 ^tm. Also, the clear- 
ance between the adjacent electrode stripes of the elec- 
trode stripes 12A to 12D of the driving electrode section 
12 is about 20 fxm, and the electrode stripes 1 2A to 12D 
2S are arranged at a pitch of about 40 |xm. 

[0027] A holding electrode section 1 4 is formed on the 
inner surface 3A-2 of the stator frame 3A facing the driv- 
ing electrode section 12. The holding electrode section 
14 is patterned in a desired shape and formed in a pre- 
detennined direction on the surface of a glass plate 15. 
The glass plate 15 having the holding electrode formed 
thereon is fitted to the inner surface 3A-2 of the stator 

3. It should be noted that 5 electrode stripes are formed 
in parallel in the holding electrode section 14 in a man- 
ner to correspond to 3 holding electrodes 6 on the side 
of the movable section of a first movable section 2A re- 
ferred to herein later and 2 holding electrodes 11 on the 
side of the movable section of a second movable section 
2B referred to herein later. The 5 holding electrode sec- 
tion 14 shown in FIG. 3A are arranged apart from each 
other in substantially the entire region including the cen- 
tral region on the glass substrate 15. The holding elec- 
trode sections 1 4A corresponding to the fixing electrode 
5 on the side of the movable section are electrically con- 
nected at the edge portion of the glass plate 15 In one 
of the side regions In the longitudinal direction of the 
glass plate 15, and the 2 holding electrode sections 148 
corresponding to the fixing electrode 11 on the side of 
the movable section are electrically connected in the 
other side regions in the longitudinal direction on the 
glass plate 15. What should be noted is that the holding 
electrode sections 14A and 1 4B are arranged electrical- 
ly independently so as to control independently the first 
and second movable sections 2A, 2B. 
[0028] Stoppers 16 are formed on the side inner sur- 
faces 3A-3, 3A-4 of the stator frame 3A for preventing 
the side surfaces of the first and second movable sec- 
tions 2A, 2B from contacting directly the side inner sur- 
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faces 3A-3. 3A-4. Similarly, stoppers (not shown) are 
formed on the inner surfaces 3A-1 , 3A-2 for preventing 
the movable sections 2A, 2B from being brought into di- 
rect contact with the driving electrodes 12. 14. 
[0029] The construction of each of the two movable 
sections 2A, 2B will now be described in detail. 
[0030] Specifically, the first movable section 2A com- 
prises a substantially parallelepiped hollow support 
body formed of an electric conductive member, the elec- 
trodes 4, 5 formed on the outer surfaces of the hollow 
support body, a lens 6 arranged in the hollow portion of 
the support body, and a wiring 7 for removing the electric 
charge from the support body. Likewise, the second 
movable section 2B comprises a substantially parallel- 
epiped hollow support body formed of an electric con- 
ductive member, the electrodes 8, 1 1 formed on the out- 
er surfaces of the hollow support body, a lens 9 arranged 
In the hollow portion of the support body, and a wiring 
10 for removing the electric charge from the support 
body. The support body and electrodes 4, 5 may be 
formed into a unitary configuration, 
[0031] The first movable section 2A and the second 
movable section 28 are inserted apart from each other 
into the through-hole of the support body such that these 
first and second movable sections 2A and 28 are mov- 
able in a predetermined direction. 

[0032] A driving electrode 4 on the side of the movable 
section is formed on a surface of the first movable sec- 
tion 2A facing the driving electrode section 12 on the 
side of the stator, e.g., on the upper surface of the first 
movable section 2A. Likewise, a fixing electrode 6 on 
the side of the movable section is formed on a surface 
of the first movable section 2A facing the holding elec- 
trode section 14, e.g., on the tower surface of the first 
movable electrode 2A. The driving electrode 4 on the 
side of the movable section is formed by etching in the 
form of a plurality of projecting stripes extending in a 
direction perpendicular to the moving direction and ar- 
ranged in the longitudinal direction. Also, the fixing elec- 
trode 5 on the side of the movable section is formed by 
etching in the fomn of a plurality of projecting stripes ex- 
tending in the moving direction and arranged in the lat- 
eral direction. The driving electrode 4 on the side of the 
movable section is formed to comprise concave portions 
and convex portions with a clearance of about 20 lam 
provided between the adjacent concave and convex 
portions. The height of the convex portion from the sur- 
face inside the concave portion is about 1 0 p.m. in other 
words, the edge surface of the convex portion of the driv- 
ing electrode 4 on the side of the movable section has 
a width equal to the width of one of the electrodes 12A 
to 12D of the driving electrode section 12. Also, the bot- 
tom surface of the concave portion of the driving elec- 
trode 4 on the side of the movable section has a width 
equal to the clearance between the adjacent electrodes 
1 2A to 1 2D. The concave or convex portions of the driv- 
ing electrode 4 on the side of the movable section 4 ar- 
ranged at a pitch of about 40 \jLm. 



[0033] In the actuator shown in FIG. 3A. three holding 
electrodes 5 extending in the longitudinal direction and 
arranged in the lateral direction are mounted to the first 
movable section 2A. Also, a plurality of lenses 6 having 
5 aligned optical axes are fixed within the through-hole of 
the first movable section 2A. 

[0034] A driving electrode 8 on the side of the movable 
section having a shape and a dimension equal to those 
of the driving electrode 4 on the side of the movable sec- 
10 tlon of the first movable section 2A is mounted to the 
second movable section 28. Also, a lens 9 similar to the 
lens 6 is fixed within thethrough-hole of the second mov- 
able section 28. The lens system formed by the lenses 
6 and 9 is zoomed between the wide-angle and telepho- 
15 to lens systems by changing the arrangement of the 
lenses 6 and 9 so as to adjust the focus on the subject 
in accordance with the zoomed focal length. Two hold- 
ing electrodes 11 extending In the longitudinal direction 
and arranged in the lateral direction are mounted to the 
second movable section 28. The holding electrodes 11 
are formed by etching. 

[0035] As apparent from the above description, the 
driving electrodes 4, 8 on the side of the movable section 
are formed such that the concave and convex portions 
of these driving electrodes 4, 8 are substantially parallel 
to each other. The holding electrodes 5, 11 on the side 
of the movable section are also fonned such that the 
concave and convex portions thereof are substantially 
parallel to each other. The extending directions of the 
driving electrodes 4, 8 on the side of the movable section 
are allowed to cross the extending directions of the hold- 
ing electrodes 5,11 on the side of the movable section. 
Also, the holding electrodes 5, 11 on the side of the mov- 
able section extend in the longitudinal direction and are 
arranged in parallel such that these holding electrodes 
5, 11 do not overlap with other in the lateral direction. 
[0036] The first and second movable sections 2A, 28 
are arranged in the moving direction, i.e., in the longitu- 
dinal direction, and are Independently movable In the 
longitudinal direction. 

[0037] The operation of the actuator of the particular 
construction will now be described with reference to 
FIGS. 4A to 4D. FIG. 4A Is a cross sectional view show- 
ing the state that the first and second movable sections 
2A, 28 are inserted Into the through-hole of the stator 
frame 3A. FIG. 48 Is a lateral cross sectional view along 
the lines X-X as viewed in the direction denoted by an 
arrow. Further, FIG. 4C is a lateral cross sectional view 
along the line Y-Y as viewed in the direction denoted by 
an arrow. 

[0038] The driving electrode section 1 2 is formed of a 
plurality of electrode groups each consisting of elec- 
trodes 12A to 1 2D of 4 phases arranged In the moving 
direction, as shown in FIG. 4A. These driving electrodes 
12A to 12D are connected to a control unit 19 so as to 
be driven upon receipt of control voltage signals from 
the control unit 19. To be more specific, the groups of 
the driving electrodes 12A to 12D are sequentially ar- 
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ranged in the longitudinal direction, and each of the driv- 
ing electrodes 12A to 12D are commonly connected to 
the corresponding driving electrode and connected to 
the control unit 19. and a voltage signal is applied inde- 
pendently to the driving electrode stripes 1 2A to 1 2D of 
each group. For example, where voltage is applied to 
the driving electrode 12A, a voltage signal is applied to 
the convex portion corresponding to the driving elec- 
trode 12A of alt the groups of the electrode section 12. 
[0039] As shown in FIG. 4D, it is necessary for the 
width Wm of the fixing electrode 5 or 11 of the movable 
section 2A or 2B and the width Ws of the fixing electrode 
1 4 of the stator 3 to be set larger than the allowable mov- 
ing length AL even if the movable section 2A or 2B is 
moved In the lateral direction within the frame of the sta- 
tor 3. The allowable moving length AL corresponds to a 
difference between the distance Ls between the stop- 
pers, and the width Lm of the movable section 2A or 2B. 
The allowable moving length AL is produced in the ac- 
tuator when the movable section 2A or 28 abuts against 
a stopper 16 mounted to the side surface of one of the 
stator 5 or 11 and the stopper mounted to one side sur- 
face of the slator 5 or 11 . In the present invention, each 
of Wm and Ws Is set larger than the allowable moving 
length AL. Difficulties are generated if this requirement 
is not satisfied. Specifically, if the movable section is 
moved sideward by the moving length AL, the mutually 
facing electrodes 5 and 1 4 are deviated from each other 
Also, if the overlapping area is made extremely small, 
the force to fix the movable section 2A ceases to be gen- 
erated. 

[0040] Also, the free space between adjacent elec- 
trodes 5, adjacent electrodes 11 or adjacent electrodes 
14 must be greater than the moving length AL. If the 
number of holding electrodes is increased, the portion 
where the electrode is not mounted is also increased. 
This is a disadvantageous condition for generating an 
attractive force. 

[0041 ] It should also be noted that, if the movable sec- 
tions 2A, 28 have a single electrode 5 and a single elec- 
trode 11 respectively, the single electrodes can not be 
symmetrically arranged in respect to a moving direction 
of the movable section 2A, 28 so that the movable sec- 
tions 2A, 28 tend to be moved unstable in the driving 
step. It follows that it is necessary to mount at least two 
electrodes to each of the movable sections 2A and 28. 
[0042] Such being the situation, in a small actuator 
having, for example, two systems of stator electrodes 
as the holding electrodes, it is desirable to employ a 
combination that two electrodes are mounted to one of 
the movable sections 2A, 28 and three electrodes are 
mounted to the other of the movable sections 2A, 28 or 
another combination that three electrodes are mounted 
to one of the movable sections 2A, 28 and four elec- 
trodes are mounted to the other of the two movable sec- 
tions 2A, 28. 

[0043] There are four operation modes in the first and 
second movable sections 2A. 28. Each of these opera- 



tion modes will now be described. 

(I) Where each of the first and second movable sec- 
tions 2 A and 28 is moved to the right in FIG. 4A 

5 (hereinafter referred to as mode I): 

This operation corresponds to the focusing 
mode in which the focus of the lens system is 
aligned on the subject. 

(II) Where each of the first and second movable see- 
to tions 2A and 28 is moved to the right in FIG. 4A 

(hereinafter referred to as mode II): 

This operation also corresponds to the focusing 
mode in which the focus of the tens system is 
aligned on the subject. 
15 (III) Where the first movable section 2A is held sta- 
tionary and the second movable section 28 alone 
is moved to the left or to the right in FIG, 4A (here- 
inafter referred to as operation mode III): 

This operation corresponds to the zooming 
20 mode in which the lens system is switched to the 
telephoto side or the wide-angle side. 
(IV) Where the second movable section 2A is held 
stationary and the first movable section 28 alone is 
moved to the left or to the right in FIG. 4A (heroin- 
es after referred to as operation mode IV): 

This operation corresponds to the zooming 
mode in which the lens system is switched to the 
telephoto side or the wide-angle side. 

30 [0044] The four operation modes summarized above 
will now be described in detail. 

(I) Operation mode I in which the first and second 
movable sections 2A and 28 are moved to the right 
35 in FIG. 4A is perfomned as follows: 

(1) In the first step, the driving electrodes 4, 8 
of the movable sections 2A. 28 are kept con- 
nected to the ground. Under this condition, a 

^0 voltage H is applied to the driving electrodes 

1 2A as shown in FIG. 5A. As a result, the driving 
electrodes 4, 8 on the side of the movable sec- 
tion in the vicinity of the driving electrode 12A 
are attracted by the electrostatic force toward 
the driving electrode 12A, with the result that 
the driving electrodes 4, 8 on the side of the 
movable section are attracted to the driving 
electrode 12A. It follows that the first and sec- 
ond movable sections 2A, 28 are moved to- 
so ward the glass plate 13. 

(2) In the next step, the voltage of the driving 
electrode 12A is changed into a low level L at 
time t1 , and a voltage H is applied to the holding 
electrode sections 1 4A, 1 48 as shown In FIGS. 

S5 5 E and 5 F. As a result, a strong electrostatic 

force is generated between the holding etec- 
trode section 14A and the fixing electrode 5 on 
the side of the movable section so as to permit 
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the first movable section 2A to be moved to- 
ward the glass plate 15. It follows that the fixing 
electrode 5 on the side of the movable section 
is attracted to the holding electrode section 
1 4A. Also, a strong electrostatic force is gener- s 
ated between the holding electrode section 1 4B 
and the fixing electrode 11 on the side of the 
movable section. As a result, the second mov- 
able section 2B is moved toward the glass plate 
1 5 so as to permit the fixing electrode 1 1 on the io 
side of the movable section to be attracted to 
the holding electrode section 14B. 

(3) In the next step, voltage of the holding elec- 
trode sections 14A. 14B is changed into a low 
level L at time t2, with the result that a voltage is 
H is applied to the driving electrode 128 as 
shown in FIG. SB. As a result, the driving elec- 
trodes 4, 8 on the side of the movable section 

in the vicinity of the driving electrode 12B is at- 
tracted by an electrostatic force toward the driv- 
ing electrode 12B, with the result that the driv- 
ing electrodes 4, 8 on the side of the movable 
section are attracted to the driving electrode 
1 2B. It follows that the first and second movable 
electrodes 2A, 2B are moved toward the glass 25 
plate 13. In this step, the first and second mov- 
able sections 2A, 28 are moved to the right in 
FIG. 4A by a distance equal to one stripe of the 
driving electrode section 12, i.e., a distance 
equal to one pitch, compared with the position 30 
described in item (1 ) above. 

(4) In the next step, voltage of the driving elec- 
trode 1 2B is changed to a low level L at time tS, 
with the result that a voltage H is applied again 

to the holding electrode sections 14A, 14B, as 35 
shown in FIGS. 5E and 5F, so as to generate a 
strong electrostatic force between the holding 
electrode section 14A and the fixing electrode 
5 on the side of the movable section. It follows 
that the first movable section 2A is moved to- 40 
ward the glass plate 15 and the fixing electrode 
5 on the side of the movable section is attracted 
to the holding electrode section 14A. Also, a 
strong electrostatic force is generated between 
the holding electrode section 1 4B and the fixing 
electrode 1 1 on the side of the movable section. 
As a result, the second movable section 2B is 
moved toward the glass plate 15, and the fixing 
electrode 11 on the side of the movable section 
is attracted to the holding electrode section so 
14B. 

(5) Further, the voltage of the holding electrode 
sections 14A, 14B is changed into a low level 
L at time t4, with the result that a voltage is ap- 
plied to the driving electrode 12C. as shown in 55 
FIG. 5C. In this case, the driving electrodes 4, 

8 on the side of the movable section in the vi- 
cinity of the driving electrode 12C are attracted 



by an electrostatic force toward the driving 
electrode 12C such that the driving electrodes 
4, 8 on the side of the movable section are at- 
tracted to the driving electrode 1 2C. As a result, 
the first and second movable sections 2A. 2B 
are moved toward the glass plate 13. In this 
case, the first and second movable sections 2A, 
2B are moved to the right in FIG. 4A by a dis- 
tance equal to two stripes of the driving elec- 
trode section 12, i.e., a distance equal to two 
pitches, compared with the position described 
in item (1 ) above. 

(6) In the next step, voltage of the driving elec- 
trode 1 2C Is changed to a low level L at time t5, 
with the result that a voltage is applied again to 
the holding electrode sections 14A, 14B, as 
shown In FIGS. 5E and 5F, so as to generate a 
strong electrostatic force between the holding 
electrode section 14A and the fixing electrode 
5 on the side of the movable section. It follows 
that the first movable section 2A is moved to- 
ward the glass plate 1 5 and the fixing electrode 
5 on the side of the movable section is attracted 
to the holding electrode section 14A. Also, a 
strong electrostatic force is generated between 
the holding electrode section 1 4B and the fixing 
electrode 11 on the side of the movable section. 
As a result, the second movable section 28 is 
moved toward the glass plate 15, and the fixing 
electrode 1 1 on the side of the movable section 
is attracted to the holding electrode section 
14B. 

(7) In the next step, the voltage of the holding 
electrode sections 14A, 148 is changed into a 
low level L at time tS, with the result that a volt- 
age is applied to the driving electrode 1 2D, as 
shown in FIG. 5D. In this case, the driving elec- 
trodes 4, 8 on the side of the movable section 
in the vicinity of the driving electrode 12D are 
attracted by an electrostatic force toward the 
driving electrode 1 2D such that the driving elec- 
trodes 4, 8 on the side of the movable section 
are attracted to the driving electrode 12D. As a 
result, the first and second movable sections 
2 A, 2B are moved toward the glass plate 13. in 
this case, the first and second movable sec- 
tions 2A, 2B are moved to the right in FIG. 4A 
by a distance equal to three stripes of the driv- 
ing electrode section 12, i.e., a distance equal 
to three pitches, compared with the position de- 
scribed in Item (1) above. 

(8) In the next step, voltage of the driving elec- 
trode 1 2D is changed to a low level L at time t7, 
with the result that a voltage is applied again to 
the holding electrode sections 14A, 14B. as 
shown in FIGS. 5E and 5F, so as to generate a 
strong electrostatic force between the holding 
electrode section 14A and the fixing electrode 



9 



17 



EP 1 193 853 A2 



18 



5 on the side of the movable section. It follows 
that the first movable section 2A is moved to- 
ward the glass plate 1 5 and the fixing electrode 
5 on the side of the movable section is attracted 
to the holding electrode section 14A. Also, a s 
strong electrostatic force is generated between 
the holding electrode section 1 4B and the fixing 
electrode 11 on the side of the movable section. 
As a result, the second movable section 2B is 
moved toward the glass plate 15, and the fixing io 
electrode 1 1 on the side of the movable section 
is attracted to the holding electrode section 
14B. 

(9) Further, the voltage of the holding electrode 
sections 14A, 14B is changed into a low level is 
L at time t8, with the result that a voltage is ap- 
plied to the driving electrode section 12A, as 
shown in FIG, 5A. In this case, the driving elec- 
trodes 4, 8 on the side of the movable section 
in the vicinity of the driving electrode section 20 
12A are attracted by an electrostatic force to- 
ward the driving electrode section 12A such 
that the driving electrodes 4, 8 on the side of 
the movable section are attracted to the driving 
electrode 1 2C. As a result, the first and second 25 
movable sections 2A, 28 are moved toward the 
glass plate 13. )n this case, the first and second 
movable sections 2A, 28 are moved to the right 
in FIG. 4A by a distance equal to four stripes of 
the driving electrode section 12. i.e., a distance 30 
equal to four pitches, compared with the posi- 
tion described In item (1) above. 

[0045] The steps of itenns (1) to (9) described above 
are repeated until the first and second movable sections 3s 
2A, 28 are moved by a desired distance. 
[0046] (II) Operation mode l( in which thefirst and sec- 
ond movable sections 2A, 28 are both moved to the left 
in FIG. 4A will now be described. 

[0047] The first and second movable sections 2A, 28 40 
can be moved to the right in FIG. 4A if the steps for op- 
eration mode I described above are carried out in the 
opposite direction. To be more specific, thefirst and sec- 
ond movable sections 2A, 28 can be moved to the right 
in FIG. 4A by repeating the steps for operation mode f 
In the order of steps (9), (8), (7). (6), (5), (4), (3), (2) and 
(1). Of course, the number of repetitions is determined 
in accordance with the desired distance of movement of 
the first and second movable sections 2A, 28. 
[0048] It should be noted that each of operation so 
modes I and 11 is an operation of the focusing mode for 
aligning the focus on the subject. Whether to employ op- 
eration mode I or II is determined appropriately depend- 
ing on the initial positions of the first and second mova- 
ble sections 2A, 28 and on the direction of the move- 55 
ment of the first and second movable sections 2A, 28 
which permits achieving the focusing In a shorter time. 
[0049] (III) Operation mode ill in which the first mov- 



able section 2A is held stationary and the second mov- 
able section 28 alone is moved to the left or to the right 
in FIG. 4A will now be described. 
[0050] Let us describe first the case where the second 
movable section 28 is moved to the right in FIG. 4A. 

(1 ) In the first step, the driving electrodes 4, 8 of the 
movable sections 2A, 28 are kept connected to the 
ground as in operation mode I described previously. 
Then, a voltage is applied to the holding electrode 
section 148 as shown in FIG. 6F. As a result, an 
electrostatic force is generated between the holding 
electrode section 148 and the fixing electrode 5 on 
the side of the movable section. It follows that the 
second movable section 2B is moved toward the 
glass plate 15, and the fixing electrodes on the side 
of the movable section is attracted to the holding 
electrode section 14B. Where voltage is applied to 
the holding electrode section 14A as shown in FIG. 
6E, the first movable section 2A is attracted to and 
fixed temporarily to the glass plate 15. 

(2) In the next step, a voltage H is applied to the 
driving electrode 12A at time t1 as shown in FIG. 
6A, with the voltage H kept applied to the holding 
electrode section 14A as shown in FIG. BE. As a 
result, the driving electrode 8 on the side of the mov- 
able section 2B in the vicinity of the driving electrode 
12A is attracted by an electrostatic force, with the 
result that the driving electrode 8 on the side of the 
movable section 28 is attracted to the driving elec- 
trode 12A. It follows that the second movable sec- 
tion 2B is moved toward the glass plate 13. On the 
other hand, since the voltage H is kept applied to 
the holding electrode section 1 4A, the first movable 
section 2A is kept fixed on the side of the glass plate 
15. 

(3) In the next step, a voltage H is applied to the 
holding electrode section 148 at time t2 as shown 
in FIG. 6F, with voltage kept applied to the holding 
electrode section 14A. It follows that a strong elec- 
trostatic force is generated between the holding 
electrode section 1 48 and the fixing electrode 1 1 on 
the side of the movable section. As a result, the sec- 
ond movable section 28 is moved toward the glass 
plate 15, and the fixing electrode 11 on the side of 
the movable section 28 is attracted to the holding 
electrode section 148. 

(4) In the next step, a voltage H is applied to the 
driving electrode 128 at time tS as shown in FIG. 
68 with the voltage kept applied to the holding elec- 
trode section 14A. As a result, the driving electrode 
8 on the side of the movable section 28 In the vicin- 
ity of the driving electrode 128 is attracted toward 
the driving electrode 128 by an electrostatic force, 
and the driving electrode 8 on the side of the mov- 
able section 28 is attracted to the driving electrode 
128. It follows that the second movable section 28 
is moved toward the glass plate 13. On the other 
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hand, the first movable section 2A Is sinnilarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 2B is moved to the right 
in FIG. 4A by a distance equal to one stripe of the 
driving electrode section 12, Le., a distance equal 
to one pitch, compared with the position described 
in item (1) above. 

(5) In the next step, a voltage H is applied to the 
holding electrode section 14B at time t4 as shown 
in FIG. 6F, with voltage kept applied to the holding 
electrode section 14A. It follows that a strong elec- 
trostatic force is generated between the holding 
electrode section 1 4B and the fixing electrode 1 1 on 
the side of the movable section 28. As a result, the 
second movable section 28 is moved toward the 
glass plate 15, and the fixing electrode 11 on the 
side of the movable section is attracted to the hold- 
ing electrode section 148. 

(6) I n the next step, a voltage is applied to the driving 
electrode 12C at time t5 as shown in FIG. 6C with 
the voltage kept applied to the holding electrode 
section 14A. As a result, the driving electrode 8 on 
the side of the movable section 28 in the vicinity of 
the driving electrode 12C is attracted toward the 
driving electrode 12C by an electrostatic force, and 
the driving electrode 8 on the side of the movable 
section is attracted to the driving electrode 12C. It 
follows that the second movable section 28 is 
moved toward the glass plate 13. On the other 
hand, the first movable section 2A is similarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 28 is moved to the right 
in FIG. 4A by a distance equal to two stripes of the 
driving electrode section 12, i.e., a distance equal 
to two pitches, compared with the position de- 
scribed in Item (1 ) above. 

(7) In the next step, a voltage H is applied to the 
holding electrode section 1 48 at time t6 as shown 
in FIG. 6F, with voltage kept applied to the holding 
electrode section 14A. It follows that a strong elec- 
trostatic force is generated between the holding 
electrode section 148 and the fixing electrode 11 on 
the side of the movable section 28. As a result, the 
second movable section 28 is moved toward the 
glass plate 15, and the fixing electrode 11 on the 
side of the movable section 28 Is attracted to the 
holding electrode section 148. 

(8) In the next step, a voltage is applied to the driving 
electrode stripe 12D at time t7 as shown in FIG. 6D 
with the voltage kept applied to the holding elec- 
trode section 14A. As a result, the driving electrode 
8 on the side of the movable section 28 in the vicin- 
ity of the driving electrode stripe 12D is attracted 
toward the driving electrode section 1 2D by an elec- 
trostatic force, and the driving electrode 8 on the 
side of the movable section 28 is attracted to the 
driving electrode section 1 2D. It follows that the sec- 
ond movable section 28 is moved toward the glass 



plate 13. On the other hand, the first movable sec- 
tion 2A is similariy kept fixed on the side of the glass 
plate 15. In this case, the second movable section 
28 Is moved to the right in FIG. 4A by a distance 
5 equal to three stripes of the driving electrode sec- 
tion 12, i.e., a distance equal to three pitches, com- 
pared with the position described in item (1) above. 

(9) In the next step, a voltage is applied to the hold- 
ing electrode section 148 at time t8 as shown in 

10 FIG. 6F, with voltage kept applied to the holding 
electrode section 14A. It follows that a strong elec- 
trostatic force is generated between the holding 
electrode section 1 48 and the fixing electrode 1 1 on 
the side of the movable section. As a result, the sec- 

is ond movable section 28 is moved toward the glass 
plate 15, and the fixing electrode 11 on the side of 
the movable section Is attracted to the holding elec- 
trode section 1 48. 

(1 0) In the next step, a voltage is applied to the driv- 
^0 ing electrode 12A at time t9 as shown in FIG. 6A 

with the voltage kept applied to the holding elec- 
trode section 14A. As a result, the driving electrode 
B on the side of the movable section in the vicinity 
of the driving electrode 12A is attracted toward the 

25 driving electrode section 12A by an electrostatic 
force, and the driving electrode 8 on the side of the 
movable section is attracted to the driving electrode 
12A. It follows that the second movable section 28 
is moved toward the glass plate 13. On the other 

30 hand, the first movable section 2A is similarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 28 is moved to the right 
in FIG. 4A by a distance equal to four stripes of the 
driving electrode section 12, i.e., a distance equal 

35 to four pitches, compared with the position de- 
scribed in item (1) above. 

[0051 ] The steps of items (1 ) to (1 0) described above 
are repeated until the second movable section 28 is 

40 moved by a desired distance. 

[0052] Also, where it is intended to move the second 
movable section 28 to the right in FIG. 4A, the steps of 
items (1), (10), (9), (8), (7), (6), (5), (4), (3) and (2) in the 
operation mode 111 described above are repeated in the 

45 order mentioned so as to move the second movable 
section 28 by a desired distance. 
[0053] (IV) Operation mode IV in which the second 
movable section 28 is held stationary and the first mov- 
able section 2A alone is moved to the left or to the right 

50 in FIG. 4A will now be described. 

[0054] Let us describe first the case where the first 
movable section 2A is moved to the right in FIG. 4A. 

(1 ) In the first step, the driving electrodes 4, 8 of the 
55 movable sections 2A, 28 are kept connected to the 
ground as in operation mode I described previously. 
Then, a voltage H is applied to the holding electrode 
section 14A as shown in FIG. 7E. As a result, an 
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electrostatic force is generated between the holding 
electrode section 1 4A and the fixing electrode 1 1 on 
the side of the nnovable section. It follows that the 
first movable section 2A is moved toward the glass 
plate 15, and the fixing electrode 5 on the side of s 
the movable section 2A is attracted to the holding 
electrode section 14A. Where voltage is applied to 
the holding electrode section 14B as shown in FIG. 
7F. the second movable section 2B is attracted to 
and fixed to the glass plate 15. 

(2) In the next step, a voltage H is applied to the 
driving electrode 12A at time t1 as shown in FIG, 
7A. with the voltage H kept applied to the holding 
electrode section 14B as shown In FIG. 7F. As a 
result, the driving electrode 4 on the side of the mov- is 
able section 2A in the vicinity of the dnving electrode 
12A is attracted by an electrostatic force to the driv- 
ing electrode 12A, with the result that the driving 
electrode 4 on the side of the movable section 2A 

is attracted to the driving electrode 12A. It follows 
that the first movable section 2A is moved toward 
the glass plate 1 3. On the other hand, since the volt- 
age H is kept applied to the holding electrode sec- 
tion 148, the second movable section 28 is kept 
fixed on the side of the glass plate 15. -^5 

(3) In the next step, a voltage H is applied to the 
holding electrode section 14A at time t2 as shown 
in FIG. 7F. with voltage kept applied to the holding 
electrode section 148. It follows that a strong elec- 
trostatic force is generated between the holding 30 
electrode section 1 4A and the fixing electrode 5 on 

the side ot the movable section 2A. As a result, the 
first movable section 2A is moved toward the glass 
plate 15, and the fixing electrode 5 on the side of 
the movable section 2A is attracted to the holding 35 
electrode section 14A. 

(4) In the next step, a voltage H is applied to the 
driving electrode 12B at time t3 as shown in FIG. 
7B with the voltage kept applied to the holding elec- 
trode section 14B. As a result, the driving electrode 
4 on the side of the movable section 2A in the vicin- 
ity of the driving electrode 12B is attracted toward 
the driving electrode 12B by an electrostatic force, 
and the driving electrode 4 on the side of the mov- 
able section 2A is attracted to the driving electrode 
12B. It follows that the first movable section 2A is 
moved toward the glass plate 13. On the other 
hand, the second movable section 2B is similarly 
kept fixed on the side of the glass plate 15. In this 
case, the first movable section 2A is moved to the so 
right in FIG. 4A by a distance equal to one stripe of 

the driving electrode section 12, i.e., a distance 
equal to one pitch, compared with the position de- 
scribed in item (1 ) above. 

(5) In the next step, a voltage H is applied to the ss 
holding electrode section 14A at time t4 as shown 

in FIG. 7E. with voltage kept applied to the holding 
electrode section 148. It follows that a strong elec- 



trostatic force is generated between the holding 
electrode section 14A and the fixing electrode 5 on 
the side of the movable section 2A. As a result, the 
first movable section 2A is moved toward the glass 
plate 15, and the fixing electrode 5 on the side of 
the movable section 2A is attracted to the holding 
electrode section 14A. 

(6) In the next step, a voltage H is applied to the 
driving electrode 12C at time t5 as shown in FIG. 
7C with the voltage kept applied to the holding elec- 
trode section 148. As a result, the driving electrode 
4 on the side of the movable section 2A in the vicin- 
ity of the driving electrode 12C is attracted toward 
the driving electrode 12C by an electrostatic force, 
and the driving electrode 4 on the side of the mov- 
able section 2A Is attracted to the driving electrode 
12C, It follows that the first movable section 2A is 
moved toward the glass plate 13. On the other 
hand, the second movable section 2B is similarly 
kept fixed on the side of the glass plate 15. In this 
case, the first movable section 2A is moved to the 
right in FIG. 4A by a distance equal to two stripes 
of the driving electrode section 12, i.e., a distance 
equal to two pitches, compared with the position de- 
scribed in item (1) above. 

(7) In the next step, a voltage H is applied to the 
holding electrode section 14A at time t6 as shown 
in FIG. 7E. with voltage kept applied to the holding 
electrode section 148. It follows that a strong elec- 
trostatic force is generated between the holding 
electrode section 14A and the fixing electrode 5 on 
the side of the movable section 2A. As a result, the 
first movable section 2A is moved toward the glass 
plate 15, and the fixing electrode 5 on the side of 
the movable section is attracted to the holding elec- 
trode section 14A. 

(8) In the next step, a voltage H is applied to the 
driving electrode stripe 12D at time t7 as shown in 
FIG. 7D with the voltage kept applied to the holding 
electrode section 1 48. As a result, the driving elec- 
trode 4 on the side of the movable section 2A in the 
vicinity of the driving electrode stripe 12D is attract- 
ed toward the driving electrode section 1 2D by an 
electrostatic force, and the driving electrode 4 on 
the side of the movable section 2A is anracted to 
the driving electrode section 12D. It follows that the 
first movable section 2A is moved toward the glass 
plate 13. On the other hand, the second movable 
section 2B is similariy kept fixed temporarily on the 
side of the glass plate 1 5. In this case, the first mov- 
able section 2 A is moved to the right in FIG. 4A by 
a distance equal to three stripes of the driving elec- 
trode section 12, i.e., a distance equal to three pitch- 
es, compared with the position described in item (1 ) 
above. 

(9) In the next step, a voltage H is applied to the 
holding electrode section 14A at time t8 as shown 
in FIG. 7E, with voltage kept applied to the holding 
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electrode section 14B. It follows that a strong elec- 
trostatic force is generated between the holding 
electrode section 14A and the fixing electrode 5 on 
the side of the movable section. As a result, the first 
movable section 2A Is moved toward the glass plate 5 
1 5, and the fixing electrode 5 on the side of the mov- 
able section 2A Is attracted to the holding electrode 
section 14A, 

(10) In the next step, a voltage H Is applied to the 
driving electrode 12A at time t9 as shown in FIG. io 
7 A with the voltage kept applied to the holding elec- 
trode section 14B. As a result, the driving electrode 
4 on the side of the movable section 2A in the vicin- 
ity of the driving electrode 12A is attracted toward 
the driving electrode section 1 2A by an electrostatic is 
force, and the driving electrode 4 on the side of the 
movable section 2A is attracted to the driving elec- 
trode 12A. It follows that the first movable section 
2 A is moved toward the glass plate 13. On the other 
hand, the second movable section 2B is temporarily 
kept fixed on the side of the glass plate 15. In this 
case, the first movable section 2A is moved to the 
left in FIG. 4A by a distance equal to four stripes of 
the driving electrode section 12, i.e., a distance 
equal to four pitches, compared with the position 25 
described in item (1) above. 



[0055] The steps of items (1) to (10) described above 
are repeated until the first movable section 2A is moved 
by a desired distance. 

[0056] Also, where it is intended to move the first mov- 
able section 2A to the left in FIG. 4A, the steps of items 
(1), (10). (9), (8). (7), (6), (5), (4), (3) and (2) in the op- 
eration mode Ml described above are repeated in the or- 
der mentioned so as to move the first movable section 55 
2A by a desired distance. 

[0057] It should be noted that each of operation 
modes III and VI is an operation for magnifying or re- 
ducing the photographed image. Whether to employ op- 
eration mode 111 or IV is detemriined appropriately de- 40 
pending on the initial positions of the first and second 
movable sections 2A, 2B and on the direction of the 
movement of the first and second movable sections 2A, 
28 which pemiits achieving the magnification or reduc- 
tion in a shorter time. 

[0058] Incidentally, FIG. 48 shows that the first mov- 
able section 48 is moved toward the glass plate 1 3, and 
FIG. 4C shows that the second movable section 2B is 
moved toward the glass plate 1 5. 

[0059] In the actuator shown in FIG. 4A, each of the so 
driving electrodes 12A to 12D of the driving electrode 
section 12 is set substantially equal to the width of each 
of the driving electrodes 4 and 8 on the side of the mov- 
able section and the arranging pitch of these driving 
electrodes 1 2A to 1 2D is set constant. As a modification 55 
of the actuator, it is possible for each of the driving elec- 
trodes 12A to 12D of the driving electrode section 12 to 
be set not larger than 1/2 of the width of each of the 



driving electrodes 4 and 8 on the side of the movable 
section and for the arranging pitch of the driving elec- 
trodes 12A to 12D to be set at 1/4 of that of each of the 
driving electrodes 4 and 8 on the side of the movable 
section, as shown In FIGS. 8A to 8C. In the actuator of 
the particular construction, if the movable sections 2A, 
28 are attracted toward the driving electrodes 12A to 
1 2D of the driving electrode section 1 2, each of the driv- 
ing electrodes 4 and 8 on the side of the movable section 
is allowed to face two of the driving electrodes 12A to 
12D, as shown in FIGS. 8A to 8C. 
[0060] The operation of the actuator shown in FIGS. 
8A to 8C will now be described with reference to FIGS. 
9Ato 9F. FIGS. lOAto 1 0F and FIGS. 11 A to 11 F. 

(I) Operation mode I in which the first and second 
movable sections 2A, 28 are simultaneously moved 
to the left as shown in FIG. 8A Is perfoimed as fol- 
lows. 

(1) In the first step, the driving electrodes 4, 8 
of the movable sections 2A, 28 are held con- 
nected to the ground. Under this condition, a 
voltage H is applied to the driving electrodes 
1 2A and 1 28 as shown in FIGS. 9A and 98. As 
a result, the driving electrodes 4, 8 on the side 
of the movable sections in the vicinity of the 
driving electrodes 12A, 128 are attracted to- 
ward the driving electrodes 12A. 12B by an 
electrostatic force, with the result that the driv- 
ing electrodes 4, 8 on the side of the movable 
sections are attracted to the driving electrode 
1 2A. it follows that the first and second movable 
sections 2A, 28 are moved toward the glass 
plate 13. 

(2) In the next step, the voltage of the driving 
electrodes 12A and 128 is changed into a low 
level at time t1 as shown in FIGS. 9A and 98, 
and a voltage H is applied to the holding elec- 
trodes sections 14A, 148 as shown in FIGS. 9E 
and 9F. It follows that a strong electrostatic 
force is generated between the holding elec- 
trode section 14A and the fixing electrode 5 on 
the side of the movable section 2A. As a result, 
the first movable section 2A Is moved toward 
the glass plate 15, and the fixing electrodes on 
the side of the movable section 2A is attracted 
to the holding electrode section 14A. Also, a 
strong electrostatic force is generated between 
the holding electrode section 1 48 and the fixing 
electrode 11 on the side of the movable section 
28. As a result, the second movable section 28 
is moved toward the glass plate 1 5, and the fix- 
ing electrode 1 1 on the side of the movable sec- 
tion is attracted to the holding electrode section 
14B. 

(3) In the next step, the voltage of the holding 
electrode sections 14A, 148 is changed into a 
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low level L at time t2 as shown in FIGS. 9E and 
9F, and a voltage H is applied to the driving 
electrodes 12B and 12C as shown in FIGS. 9B 
and 9C. As a result, the driving electrodes 4, 8 
on the side of the movable sections 2A, 2B in 5 
the vicinity of the driving electrodes 12B, 12C 
are attracted toward the driving electrodes 1 28, 
12C by an electrostatic force, and the driving 
electrodes 4, 8 on the side of the movable sec- 
tions 2A, 28 are attracted to the driving elec- io 
trodes 1 28, 1 2C. It follows that the first and sec- 
ond movable sections 2A, 2B are moved to- 
ward the glass plate 13. In this case, the first 
and second movable sections 2A, 28 are 
moved to the right in FIG. BA by a distance is 
equal to one stripe of the driving electrode sec- 
tion 12, i.e., a distance equal to one pitch, com- 
pared with the position described in Item (1) 
above. 

(4) In the next step, the voltage of the driving 
electrodes 12B and 12C is changed into a low 
level L at time t3, and a voltage H is applied 
again to the holding electrodes sections 14A, 
14B as shown in FIGS. 9E and 9F. It follows 
that a strong electrostatic force is generated 25 
between the holding electrode section 14Aand 

the fixing electrode 5 on the side of the movable 
section 2A. As a result, the first movable sec- 
tion 2A is moved toward the glass plate 1 5, and 
the fixing electrode 5 on the side of the movable 30 
section 2A is attracted to the holding electrode 
section 14A. Also, a strong electrostatic force 
is generated between the holding electrode 
section 148 and the fixing electrode 11 on the 
side of the movable section 28. As a result, the 35 
second movable section 28 is moved toward 
the glass plate 15, and the fixing electrode 11 
on the side of the movable section 28 is attract- 
ed to the holding electrode section 148. 

(5) Further, the voltage of the holding electrode 40 
sections 14A, 148 is changed into a low level 

L at time t4, and a voltage is applied to the driv- 
ing electrodes 12C and 12D as shown in FIGS. 
9C and 9D. As a result, the driving electrodes 
4, 8 on the side of the movable sections In 2A, 45 
28 the vicinity of the driving electrodes 12C, 
12D are attracted toward the driving electrodes 
1 2C, 1 2D by an electrostatic force, and the driv- 
ing electrodes 4, 8 on the side of the movable 
sections 2A, 28 are attracted to the driving so 
electrodes 12C, 12D. It follows that the first and 
second movable sections 2A, 28 are moved to- 
ward the glass plate 13. In this case, the first 
and second movable sections 2A, 28 are 
moved to the right in FIG. 8A by a distance 55 
equal to two stripes of the driving electrode sec- 
tion 12, i.e., a distance equal to two pitches, 
compared with the position described in item 



(1) above. 

(6) In the next step, the voltage of the driving 
electrodes 12C and 12D is changed into a low 
level L at time t5, and a voltage is applied again 
to the holding electrodes sections 1 4A, 14B as 
shown In FIGS. 9E and 9F. It follows that a 
strong electrostatic force is generated between 
the holding electrode section 14A and the fixing 
electrode 5 on the side of the movable section 
2A. As a result, the first movable section 2A is 
moved toward the glass plate 15, and the fixing 
electrode 5 on the side of the movable section 
2A is attracted to the holding electrode section 
1 4A. Also, a strong electrostatic force is gener- 
ated between the holding electrode section 1 48 
and the fixing electrode 11 on the side of the 
movable section 2B. As a result, the second 
movable section 28 Is moved toward the glass 
plate 15, and the fixing electrode 11 on the side 
of the movable section 2B is attracted to the 
holding electrode section 14B. 

(7) In the next step, the voltage of the holding 
electrode sections 14A, 148 is changed into a 
low level L at time tS, and a voltage H is applied 
to the driving electrodes 1 2D and 1 2A as shown 
in FIGS, 9D and 9A, As a result, the driving 
electrodes 4, 8 on the side of the movable sec- 
tions 2A, 28 in the vicinity of the driving elec- 
trodes 12D, 12A are attracted toward the driv- 
ing electrode stripes 128, 12A by an electro- 
static force, and the driving electrodes 4. 8 on 
the side of the movable sections 2A, 2B are at- 
tracted to the driving electrodes 12D, 12 A. It fol- 
lows that the first and second movable sections 
2A, 28 are moved toward the glass plate 13. In 
this case, the first and second movable sec- 
tions 2A, 28 are moved to the right in FIG. 8A 
by a distance equal to three stripes of the driv- 
ing electrode section 12, i.e., a distance equal 
to three pitches, compared with the position de- 
scribed in item (1) above. 

(8) In the next step, the voltage of the driving 
electrodes 1 2D, 1 2A is changed into a low level 
L at time t7, and a voltage H is applied again to 
the holding electrodes sections 14A, 14B as 
shown In FIGS. 9E and 9F. It follows that a 
strong electrostatic force is generated between 
the holding electrode section 1 4A and the fixing 
electrode 5 on the side of the movable section 
2A. As a result, the first movable section 2A is 
moved toward the glass plate 1 5, and the fixing 
electrode 5 on the side of the movable section 
is attracted to the holding electrode section 
1 4A. Also, a strong electrostatic force is gener- 
ated between the holding electrode section 1 48 
and the fixing electrode 11 on the side of the 
movable section 28. As a result, the second 
movable section 28 is moved toward the glass 
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plate 1 5. and the fixing electrode 1 1 on the side 
of the nnovable section 2B is attracted to the 
holding electrode section 14B. 
(9) Further, the voltage of the holding electrode 
sections 14A, 14B is changed into a low level 
L at time ts, and a voltage is applied again to 
the driving electrodes 12A and 12B as shown 
in FIGS. 9A and 9B. As a result, the driving elec- 
trodes 4, 8 on the side of the movable sections 
2A, 2B in the vicinity of the driving electrodes 
12A and 128 are attracted toward the driving 
electrodes 12A and 12B by an electrostatic 
force, and the driving electrodes A, 8 on the side 
of the movable sections 2A, 2B are attracted to 
the driving electrodes 12A and 12B. It follows 
that the first and second movable sections 2A, 
2B are moved toward the glass plate 1 3. In this 
case, the first and second movable sections 2A, 
2B are moved to the left in FIG. 8 A by a distance 
equal to four stripes of the driving electrode 
section 12, i.e., a distance equal to four pitches, 
compared with the position described in item 
(1) above. 

The steps of items (1) to (9) described above 
are repeated so as to move the first and second 
movable sections 2A, 2B by a desired distance. 

(II) Where the first and second movable sections 
2A, 28 are moved to the right in FIG. 4A, the steps 
of operation mode I described above are carried out 
in the opposite direction. To be more specific, the 
steps in items (9). (8). (7). (6), (5). (4), (3), (2) and 
(1 ) f or operation mode 1 described above are carried 
out in the order mentioned so as to move the first 
and second movable sections 2A, 2B to the left in 
FIG. 8A by a desired distance. 

(III) Operation to move the second movable section 
2B alone to the left or to the right with the first mov- 
able section 2A held stationary. 

[0061] Let us describe first the case where the second 
movable section 28 is moved to the right as shown in 
FIG. 8B. 

(1 ) In the first step, the driving electrodes 4, 8 of the 
movable sections 2A, 2B are held connected to the 
ground. Under this condition, a voltage is applied to 
the holding electrode section 148 as shown in FIG. 
IGF. As a result, an electrostatic force is generated 
between the holding electrode section 148 and the 
fixing electrode 5 on the side of the movable sec- 
tion. It follows that the second movable section 2B 
is moved toward the glass plate 15, and the fixing 
electrode 5 on the side of the movable section is 
attracted to the holding electrode section 148. In 
this case, the first movable section 2A is moved to- 
ward any of the glass plates 13, 15 and fixed tem- 
porarily. Where a voltage is applied to the holding 



electrode section 14A as shown in FIG. 10E. the 
first movable section 2A is attracted to the glass 
plate 15 and continues to be fixed. 
(2) In the next step, a voltage H is applied to the 

5 driving electrodes 1 2A and 1 28 at time t1 as shown 
in FIGS. 10A and 10B, with the voltage H kept ap- 
plied to the holding electrode section 14A as shown 
in FIG. ICE. As a result, the driving electrode 8 on 
the side of the movable section 28 in the vicinity of 

to the driving electrodes 1 2A and 1 28 are attracted to- 
ward the driving electrodes 1 2A and 128 by an elec- 
trostatic force, and the driving electrode 8 on the 
side of the movable section 28 are attracted to the 
driving electrodes 12A and 128. It follows that the 

15 second movable section 28 is moved toward the 
glass plate 1 3. On the other hand, since the voltage 
H is kept applied to the holding electrode 14A, the 
first movable section 2A Is kept fixed on the side of 
the glass plate 15. 

20 (3) In the next step, a voltage H is applied to the 
holding electrode 148 at time t2 as shown in FIG. 
10F, with the voltage kept applied to the holding 
electrode 14A. As a result, a strong electrostatic 
force is generated between the holding electrode 

25 14B and the fixing electrode 11 on the side of the 
movable section 2B. It follows that the second mov- 
able section 28 is moved toward the glass plate 15, 
and the fixing electrode 11 on the side of the mov- 
able section 28 is attracted to the holding electrode 

30 148. 

(4) In the next step, a voltage H Is applied to the 
driving electrodes 1 2B and 1 2C at time t3 as shown 
in FIGS. lOBand 10C, with the voltage kept applied 
to the holding electrode 14A. As a result, the driving 

35 electrode 8 on the side of the movable section 28 
in the vicinity of the driving electrodes 128 and 12C 
is attracted toward the driving electrodes 128 and 
1 2C by an electrostatic force, with the result that the 
driving electrode 8 on the side of the movable sec- 

40 tion 28 is attracted to the driving electrodes 1 2B and 
12C. It follows that the second movable section 28 
is moved toward the glass plate 13. On the other 
hand, the first movable section 2A is similarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 28 Is movedto the right 
In FIG. 88 by a distance equal to one stripe of the 
driving electrode section 12, i.e., a distance equal 
to one pitch, compared with the position described 
in item (1) above. 

50 (5) In the next step, a voltage H is applied to the 
holding electrode 148 at time t4 as shown in FIG. 
IGF, with the voltage kept applied to the holding 
electrode 14A. As a result, a strong electrostatic 
force is generated between the holding electrode 

55 148 and the fixing electrode 11 on the side of the 
movable section 28. It follows that the second mov- 
able section 28 is moved toward the glass plate 15, 
and the fixing electrode 11 on the side of the mov- 
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able section 2B is attracted to the holding electrode 
section 14B. 

(6) In the next step, a voltage Is applied to the driving 
electrodes 12C electrodes 12C and 12D at time t5 

as shown in FIGS. IOC and 10D, with the voltage s 
kept applied to the holding electrode 14A. As a re- 
sult, the driving electrode 8 on the side of the mov- 
able section 2B in the vicinity of the driving elec- 
trodes 12C electrodes 12C and 1 2D is attracted to- 
ward the driving electrodes 12C by an electrostatic io 
force, with the result that the driving electrode 8 on 
the side of the movable section 2B is attracted to 
the driving electrodes 12C electrodes 1 2C and 12D. 
It follows that the second movable section 2B is 
moved toward the glass plate 13. On the other is 
hand, the first movable section 2A is similarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 2B is moved to the right 
in FIG. 8B by a distance equal to two stripes of the 
driving electrode section 12, i.e., a distance equal 
to two pitches, compared with the position de- 
scribed in item (1) above. 

(7) In the next step, a voltage H is applied to the 
holding electrode 14B at time t6 as shown in FIG. 
10R with the voltage kept applied to the holding 25 
electrode 14A. As a result, a strong electrostatic 
force is generated between the holding electrode 
14B and the fixing electrode 11 on the side of the 
movable section 2B. It follows that the second mov- 
able section 2B is moved toward the glass plate 1 5. 30 
and the fixing electrode 11 on the side of the mov- 
able section 2B is attracted to the holding electrode 
section 14B. 

(8) In the next step, a voltage is applied to the driving 
electrodes 12D and 12A at time t7 as shown in 35 
FIGS. 10D and 10A, with the voltage kept applied 

to the holding electrode 1 4A. As a result, the driving 
electrode 8 on the side of the movable section in 
the vicinity of the driving electrodes 12D and 12A is 
attracted toward the driving electrodes 12D and 40 
12A by an electrostatic force, with the result that the 
driving electrode 8 on the side of the movable sec- 
tion is attracted to the driving electrodes 12D and 
12A. It follows that the second movable section 2B 
IS moved toward the glass plate 13. On the other 45 
hand, the first movable section 2A Is similarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 2B is moved to the right 
in FIG. 8B by a distance equal to three stripes of the 
driving electrode section 12, i.e., a distance equal so 
to three pitches, compared with the position de- 
scribed in item (1 ) above. 

(9) In the next step, a voltage is applied to the hold- 
ing electrode 148 at time t8 as shown in FIG. 10F, 
with the voltage kept applied to the holding elec- 55 
trode section 14A. As a result, a strong electrostatic 
force is generated between the holding electrode 
section 14B and the fixing electrode 11 on the side 



of the movable section. It follows that the second 
movable section 2B is moved toward the glass plate 
15, and the fixing electrode 11 on the side of the 
movable section is attracted to the holding elec- 
trode section 1 4B. 

(1 0) Further, a voltage is applied to the driving elec- 
trodes 12A and 12B at time t9 as shown in FIGS. 
10A and 10B. with the voltage kept applied to the 
holding electrode 14A. As a result, the driving elec- 
trode 8 on the side of the movable section in the 
vicinity of the driving electrodes 12A and 12B is at- 
tracted toward the driving electrodes 12A and 12B 
by an electrostatic force, with the result that the driv- 
ing electrode 8 on the side of the movable section 
is attracted to the driving electrodes 12A and 12B. 
It follows that the second movable section 2B is 
moved toward the glass plate 13. On the other 
hand, the first movable section 2A is similarly kept 
fixed on the side of the glass plate 15. In this case, 
the second movable section 2B is moved to the right 
in FIG. 8B by a distance equal to four stripes of the 
driving electrode section 12, i.e., a distance equal 
to four pitches, compared with the position de- 
scribed in item (1) above. 

[0062] The steps of items (1 ) to (1 0) described above 
are repeated so as to move the second movable sec- 
tions 2B by a desired distance. 

[0063] Where it is desired to move the second mova- 
ble section 2B to the right, the steps of operation mode 
111 described above are carried out in the order of items 
(1), (10), (9), (8). (7). (6), (5), (4). (3) and (2) described 
above so as to move the second movable section 2B to 
the right by a desired distance. 

[0064] (IV) Operation to move the first movable sec- 
tion 2A alone to the left or to the right with the second 
movable section 2B held stationary. 
[0065] Let us describe first the case where the first 
movable section 2A is moved to the right as shown in 
FIG. 8C. 

(1 ) In the first step, the driving electrodes 4, 8 of the 
movable sections 2A, 2B are held connected to the 
ground. Under this condition, a voltage is applied to 
the holding electrode section 14A as shown in FIG. 
1 1 E. As a result, an electrostatic force Is generated 
between the holding electrode section 14A and the 
fixing electrode 11 on the side of the movable sec- 
tion 2A. It follows that the first movable section 2A 
is moved toward the glass plate 15, and the fixing 
electrode 5 on the side of the movable section 2A 
is attracted to the holding electrode section 14A. 
Where a voltage is applied to the holding electrode 
section 14B as shown in FIG. 11 F. the second mov- 
able section 2B is attracted to the glass plate 1 5 and 
continues to be fixed. 

(2) In the next step, a voltage H is applied to the 
driving electrodes 12A and 12B at time t1 as shown 
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in FIGS. 11 A and 11 B, with the voltage H kept ap- 
plied to the holding electrode section 14B as shown 
In FIG. 11 F. As a result, the driving electrode 4 on 
the side of the movable section 2A In the vicinity of 
the driving electrodes 12A and 128 is attracted to- s 
ward the driving electrodes 1 2A and 1 28 by an elec- 
trostatic force, and the driving electrode 4 on the 
side of the movable section 2 A Is attracted to the 
driving electrodes 12A and 128. It follows that the 
first movable section 2A is moved toward the glass io 
plate 13. On the other hand, since the voltage H Is 
kept applied to the holding electrode 14B, the sec- 
ond movable section 28 Is kept fixed on the side of 
the glass plate 15. 

(3) In the next step, a voltage H is applied to the is 
holding electrode 14A at time t2 as shown in FIG. 

11 E, with the voltage kept applied to the holding 
electrode 14B. As a result, a strong electrostatic 
force is generated between the holding electrode 
14A and the fixing electrode 5 on the side of the 20 
movable section 2A. It follows that the first movable 
section 2A is moved toward the glass plate 1 5, and 
the fixing electrode 5 on the side of the movable 
section is attracted to the holding electrode 14A. 

(4) In the next step, a voltage H is applied to the 25 
driving electrodes 1 2B and 1 2C at time t3 as shown 

in FIGS. 11 Band 11C, with the voltage kept applied 
to the holding electrode 14B. As a result, the driving 
electrode 4 on the side of the movable section 3A 
in the vicinity of the driving electrodes 1 28 and 1 2C 30 
is attracted toward the driving electrodes 12B and 
1 2C by an electrostatic force, with the result that the 
driving electrode 4 on the side of the movable sec- 
tion 2A Is attracted to the driving electrodes 1 28 and 
12c. It follows that the first movable section 2A is 35 
moved toward the glass plate 13. On the other 
hand, the second movable section 2B is similarly 
kept fixed on the side of the glass plate 15. In this 
case, the first movable section 2 A is moved to the 
right in FIG. 8C by a distance equal to one stripe of 40 
the driving electrode section 12, i.e., a distance 
equal to one pitch, compared with the position de- 
scribed In item (1) above. 

(5) In the next step, a voltage H is applied to the 
holding electrode 14A at time t4 as shown in FIG. ^5 
11 E, with the voltage kept applied to the holding 
electrode 14B. As a result, a strong electrostatic 
force Is generated between the holding electrode 
14A and the fixing electrode 5 on the side of the 
movable section. It follows that the first movable so 
section 2A is moved toward the glass plate 1 5, and 

the fixing electrode 6 on the side of the movable 
section 2 A is attracted to the holding electrode sec- 
tion 14A. 

(6) In the next step, a voltage H is applied to the 55 
driving electrodes 12C electrodes 12C and 12D at 
time tS as shown in FIGS. 11 C and 11D, with the 
voltage H kept applied to the holding electrode 1 48. 



As a result, the driving electrode 4 on the side of the 
movable section 2A in the vicinity of the driving elec- 
trode strip 2A, 28 is attracted toward the driving 
electrodes 12C by an electrostatic force, with the 
result that the driving electrode 4 on the side of the 
movable section 2A is attracted to the driving elec- 
trodes 12c electrodes 12C and 12D. It follows that 
the first movable section 2A Is moved toward the 
glass plate 13. On the other hand, the second mov- 
able section 28 Is similarly kept fixed on the side of 
the glass plate 15. in this case, the first movable 
section 2A is moved to the right In FIG. 4A by a dis- 
tance equal to two stripes of the driving electrode 
section 12, I.e., a distance equal to two pitches, 
compared with the position described in item (1) 
above. 

(7) In the next step, a voltage H is applied to the 
holding electrode 14A at time t6 as shown in FIG. 
11 E, with the voltage H kept applied to the holding 
electrode 14B. As a result, a strong electrostatic 
force is generated between the holding electrode 
14A and the fixing electrode 5 on the side of the 
movable section. It follows that the first movable 
section 2A is moved toward the glass piatc 1 5, and 
the fixing electrode 5 on the side of the movable 
section Is attracted to the holding electrode section 
14A. 

(8) In the next step, a voltage H Is applied to the 
driving electrodes 1 2D and 1 2A at time t7 as shown 
In FIGS. 11 D and 11 A, with the voltage H kept ap- 
plied to the holding electrode 148. As a result, the 
driving electrode 4 on the side of the movable sec- 
tion 2A in the vicinity of the driving electrodes 12D 
and 12A is attracted toward the driving electrodes 
1 2D and 1 2A by an electrostatic force, with the re- 
sult that the driving electrode 4 on the side of the 
movable section is attracted to the driving elec- 
trodes 12D and 12A. It follows that the first movable 
section 2A is moved toward the glass plate 13. On 
the other hand, the second movable section 28 is 
simllariy kept fixed on the side of the glass plate 15. 
In this case, the first movable section 2A is moved 
to the right in FIG. 4A by a distance equal to three 
stripes of the driving electrode section 1 2, i.e., a dis- 
tance equal to three pilcries. compared with the po- 
sition described In Item (1) above. 

(9) In the next step, a voltage H is applied to the 
holding electrode 14A at time tS as shown In FIG. 
11 E, with the voltage H kept applied to the holding 
electrode 14B. As a result, a strong electrostatic 
force is generated between the holding electrode 
section 14A and the fixing electrode 5 on the side 
of the movable section. It follows that the first mov- 
able section 2A is moved toward the glass plate 15, 
and the fixing electrode 5 on the side of the movable 
section is attracted to the holding electrode section 
14A. 

(10) Further, a voltage H is applied to the driving 
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electrodes 12A and 12B at time t9 as shown in 
FIGS. 11 A and 11 B. with the voltage kept applied to 
the holding electrode 1 48. As a result, the driving 
electrode 4 on the side of the nnovable section in 
the vicinity of the driving electrodes 1 2A and 1 2B is 
attracted toward the driving electrodes 1 2A and 1 28 
by an electrostatic force, with the result that the driv- 
ing electrode 4 on the side of the movable section 
is attracted to the driving electrodes 12A and 12B. 
It follows that the first movable section 2A Is moved 
toward the glass plate 13. On the other hand, the 
second movable section 28 is temporarily kept fixed 
on the side of the glass plate 15. In this case, the 
first movable section 2A is moved to the right in FIG. 
8C by a distance equal to four stripes of the driving 
electrode section 12, i.e., a distance equal to four 
pitches, compared with the position described in 
Item (1 ) above. 

[0066] The steps of items (1) to (10) described above 
are repeated so as to move the first movable section 2A 
by a desired distance. 

[0067] Where it is desired to move the first movable 
section 2A to the right, the steps of operation mode III 
described above are carried out in the order of items (1 ), 
(1 0), (9), (8), (7), (6), (5), (4), (3) and (2) described above 
so as to move the first movable section 2A to the right 
by a desired distance. 

[0068] The relationship between the positions of the 
first and second movable sections 2A, 28 and the zoom- 
ing magnification (magnification of enlargement or re- 
duction) of the lens system will now be described with 
reference to FIGS. 12A and 128. 
[0069] In general, a signal supplied by the user to the 
input section, e.g., a button or a knob, of an apparatus 
such as a PDA mounted to the electrostatic actuator is 
forwarded to a control unit 1 9 within the apparatus. The 
control signal for the zooming is formed in the control 
unit 19 based on the input signal. The first and second 
movable sections 2A, 2B are driven in accordance with 
the control signal. 

[0070] FIG. 12A is a vertical cross sectional view 
showing an electrostatic actuator, and FIG. 128 is a 
graph showing the relationship between the positions in 
The axial direction of the first and second movable sec- 
tions 2A, 28 and the optical magnification. Curve P in 
FIG. 1 28 denotes the moving range of the first movable 
section 2A, and line Q denotes the moving range of the 
second movable section 28. As apparent from FIG. 128, 
there is an overlapping region in the moving ranges of 
the first and second movable sections 2A and 28 in sub- 
stantially the central portion of the stator 3. Incidentally, 
in the graph of FIG. 128, the origin of the abscissa is set 
at one open portion of the stator 3 of the electrostatic 
actuator on the side of which the first movable section 
2 A is mounted. 

[0071] As shown in FIG. 1 2A, a CCD sensor 1 7 Is ar- 
ranged on a fixed plate 18 on the image forming plane 



of the lenses 6 and 9 in the other open portion of the 
stator 3 on the side of which the second movable section 
28 is mounted, and the fixed plate 1 8 is fixed to the other 
open portion of the stator 3. 

5 [0072] Also, as shown in FIG. 1 28, where the optical 
system is set at a certain optical magnification X, the 
first movable section 2A is arranged in a point E and the 
second movable section 2B is arranged In another point 
F. Likewise, where the optical system is set at an optical 

10 magnification Y larger than the optical magnification X, 
the first movable section 2A is set at a point G and the 
second movable section 28 is set at a point H. Further, 
where the optical system is set at an optical magnifica- 
tion Z larger than the optical magnification Y, the first 

15 movable section 2A is set at a point I and the second 
movable section 2B is set at a point J. 
[0073] Where the first and second movable sections 
2A, 28 are moved to desired positions relative to a de- 
sired optical magnification, the first and second movable 

20 sections 2A, 28 are roughly moved first, followed by fix- 
ing one of the first and second movable sections 2A, 28 
and finely moving the other movable section, which is 
movable, so as to set the position of the movable sec- 
tion, which is movable, at a desired position. Then, the 

25 movable section whose position has been set is fixed, 
and the other movable section is finely moved so as to 
be set at a desired position (fine operation). 
[0074] The operations described above are per- 
formed by the steps described previously in conjunction 

30 with the operation modes I to IV so as to move inde- 
pendently the first and second movable sections 2A and 
28, thereby setting the optical system at a desired mag- 
nification. 

[0075] In the embodiment described above, the first 

35 and second movable sections 2A. 28 are roughly moved 
first, followed by fixing one movable section and finely 
moving the other movable section so as to be set at a 
desired position, thereby setting the optical system at a 
desired optical magnification. Alternatively, it is also 

40 possible to move the first and second movable sections 
2A, 28 directly to the desired positions by independently 
controlling the first and second movable sections 2A, 28 
without fixing one of the first and second movable sec- 
tions 2A, 28 in the midway of setting the positions of 

45 these first and second movable sections 2A, 2B so as 
to obtain a desired optical magnification. Where the first 
movable section 2A Is temporarily moved toward the 
driving electrode section 12 or Is temporarily fixed on 
the side of the driving electrode section 12 in the partic- 

50 ular operation, the second movable section 28 is moved 
toward the holding electrode section 148 or is tempo- 
rarily fixed to the holding electrode section 14B without 
fail. In the latter case, however, the time required for the 
magnification or reduction is rendered somewhat longer 

55 than that in the fomner case. 

[0076] In the first embodiment described above, a plu- 
rality of movable sections for magnifying or reducing the 
photographed image are independently operated so as 
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to obtain a desired optical magnification. 
[00771 An electrostatic actuator according to a second 
embodiment of the present invention will now be de- 
scribed with reference to FIGS. 13A to 13C. 
[0078] In each of the embodiments described below, 
the same constituents of the electrostatic actuator are 
denoted by the same reference numerals so as to avoid 
an overlapping description. 

[0079] In the electrostatic actuator according to the 
second embodiment of the present invention, the hold- 
ing electrodes 5, 11 on the side of the movable sections 
are formed in substantially the entire regions of the lower 
surfaces of the first and second movable sections 2A, 
2B. 

[0080] FIG. 1 3A is a side view schematically showing 
the movable sections of the electrostatic actuator ac- 
cording to the second embodiment of the present inven- 
tion. FIG. 13B Is apian view schematically showing the 
lower surfaces of the movable sections shown in FIG. 
13A. Further, FIG. 13C is a plan view directed to the 
glass plate of the electrostatic actuator according to the 
second embodiment of the present invention and sche- 
matically showing the upper surface of the glass plate 
on which the movable sections shown in FIG. 13A are 
slid. 

[0081] The fixing electrode 5 on the side of the mov- 
able section, which is shaped as shown in FIG. 13B, is 
mounted to the lower surface of the first movable section 
2A shown in FIG. 1 3A. The fixing electrodes on the side 
of the movable section extends planar on the lower sur- 
face of the first movable section 2A and is substantially 
In the form of a comb having three projecting regions 
projecting toward the second movable section 28 and 
two recessed regions sandwiched between the adjacent 
projecting regions. 

[0082] As shown in FIG. 138. the fixing electrode 11 
on the side of the movable section is mounted to the 
lower surface of the second movable section 28. The 
fixing electrode 11 on the side of the movable section 
extends planar on the lower surface of the second mov-. 
able section 28 and is substantially In the form of a comb 
having three recessed regions on the side of the first 
movable section 2A and two projecting regions sand- 
wiched between the adjacent recessed regions. As ap- 
parent from FIG. 138, the holding electrodes 5. 11 on 
the side of the movable sections are formed comple- 
mentary such that the recessed regions of one of these 
holding electrodes 5, 1 1 are engaged with the projecting 
regions of the other of these holding electrodes 5. 11 . 
[0083] As shown in FIG. 13C, the holding electrode 
sections 1 4A, 1 48 extend planar such that these holding 
electrode sections 148, 148 are electrically separated 
from each other in the central portion of the glass plate 
15 and are shaped in the central portion of the glass 
plate 1 5 to conform with the shapes of the holding elec- 
trodes 5, 11 on the side of the movable sections, respec- 
tively. To be more specific, the holding electrode sec- 
tions 1 4A. 1 48 are shaped complementary in the central 



portion of the glass plate 15 such that the recessed re- 
gions of one of these holding electrode sections 14A. 
148 are engaged with the projecting regions of the other 
of these holding electrode sections 14 A. 148. The elec- 
5 trostatic actuator of the particular construction is oper- 
ated in a manner similar to that of the electrostatic ac- 
tuator shown in FIG. 4A. It should be noted, however, 
that the holding electrode 14A for temporarily fixing the 
first movable section 2A on the side of the plate 1 5 is 
10 formed to extend to only about the central portion of the 
glass plate 15. Also, the holding electrode section 148 
for temporarily fixing the second movable section 28 on 
the side of the glass plate 15 is formed in that region of 
the glass plate 15 in which the holding electrode section 
15 1 4A is not formed In a manner to extend to only about 
the central portion of the glass plate 15. It follows that 
the first movable section 2A is capable of movement 
from the open portion to only about the central portion 
of the glass plate 1 5. Likewise, the second movable sec- 
20 tion 28 is capable of movement from the CCD sensor 
17 to only about the central portion of the glass plate 15. 
[0084] It should also be noted that, during the period 
between the time when the movement of the first and 
second movable sections 2A, 28 is finished and the time 
25 when the first and second movable sections 2A, 28 new- 
ly begin to be moved, the first movable section 2A con- 
tinues to be temporarily fixed to any of the driving elec- 
trode sections 12 and 14A, and the second movable 
section 28 continues to be temporarily fixed to any of 
30 the driving electrode sections 12 and 148. Under the 
fixed state, an electric current is supplied from the inter- 
nal power source so as to permit the first and second 
movable sections 2A, 28 to continue to be fixed to the 
driving electrode sections even if the main power source 
35 of the apparatus having the electrostatic actuator 
mounted thereto is turned off. 

[0085] As described above, in the electrostatic actu- 
ator according to the second embodiment of the present 
invention, a plurality of movable sections for magnifying 

40 or reducing the photographed image are independently 
operated so as to obtain a desired optical magnification. 
[0086] It should also be noted that the moving ranges 
of the first and second movable sections are smaller 
than those in the first embodiment described previously. 

45 However, the possibility of the breakage caused by the 
mutual contact of the first and second movable sections 
2A, 28 can be eliminated in the second embodiment of 
the present invention so as to improve the rellabil'ity of 
the electrostatic actuator, 

so [0087] An electrostatic actuator according to a third 
embodiment of the present invention will now be de- 
scribed with reference to FIGS. 14A to 14C. 
[0088] In the electrostatic actuatorshown in FIG. 148, 
each of the holding electrodes 5, 11 on the side of the 

55 movable sections is formed in the shape of a flat plate. 
[0089] FIG . 1 4A is a side view schematically showing 
the movable sections in the electrostatic actuator ac- 
cordingto the third embodiment of the present invention. 
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FIG. 1 4B is a plan view schematically showing the lower 
surfaces of the movable sections shown in FIG. 14A. 
Further, FIG. 14C is a plan view schematically showing 
the upper surface of the glass plate included in the elec- 
trostatic actuator according to the third embodiment of 
the present invention. 

[0090] As shown in the left side portion of FIG. 14B, 
the fixing electrode 5 on the side of the movable section 
is formed in the shape of a flat plate. It should be noted, 
however, that the fixing electrode 5 on the side of the 
movable section has an area larger than at least half the 
area of the lower surface of the first movable section 2A 
and is formed not to extend over the entire region of the 
lower surface of the first movable section 2A. For exam- 
ple, the fixing electrode 5 on the side of the movable 
section is arranged away from the movable section 2B 
in a deviated manner in a predetermined direction. 
[0091] The fixing electrode 1 1 on the side of the mov- 
able section is formed in the shape of a flat plate in the 
right portion of FIG. 14C. It should be noted, however, 
that the fixing electrode 11 on the side of the movable 
section has an area larger than at least half the area of 
the lower surface of the second movable section 28 and 
is formed not to extend ovcrthe entire region of the lower 
surface of the second movable section 28. For example, 
the fixing electrode 1 1 on the side of the movable section 
is formed away from the first movable section 2A in a 
deviated manner on the side opposite to the predeter- 
mined direction noted above. 

[0092] Further, the holding electrode sections 14A, 
148 are formed to extend planar as shown in FIG. 14C. 
In other words, the two planar holding electrode sections 
1 4A, 14B are formed apart from each other on the glass 
plate 15. The areas of the rectangular holding electrode 
sections 14A, 14B are set in accordance with the moving 
range (optical magnification) of each of the movable 
sections. It is possible forthese areas to be substantially 
equal to each other or different from each other. Also, 
the holding electrode section 14A, for example, Is ar- 
ranged on the glass plate 15 in a deviated manner in a 
predetermined direction, and the holding electrode sec- 
tion 1 48 is arranged on the glass plate 1 5 in a deviated 
manner on the side opposite to the predetermined di- 
rected noted above. 

[0093] The electrostatic actuator of the construction 
described above is operated In substantially the same 
manner as that of the eleclroslalic actuator according to 
the first embodiment of the present invention. Also, the 
first and second movable sections 2A. 28 can be moved 
only within the ranges in which the holding electrode 
sections 14A, 14B are formed as in the electrostatic ac- 
tuator according to the second embodiment of the 
present invention. It should also be noted that, during 
the period between the time when the movement of the 
first and second movable sections 2A, 28 is finished and 
the time when the first and second movable sections 2A, 
28 begin to be newly moved, the first movable section 
2A continues to be temporarily fixed to any of the driving 



electrode sections 12, 14A, and the second movable 
section 28 continues to be temporarily fixed to any of 
the driving electrode sections 12, 14B. The fixed state 
continues to be maintained by the electric current sup- 

s plied from the internal power source even if the main 
power source of the apparatus having the electrostatic 
actuator mounted thereto is turned off. 
[0094] In the electrostatic actuator of the construction 
described above, the movable sections for magnifying 

10 or reducing the photographed image are moved inde- 
pendently so as to obtain a desired optical magnifica- 
tion. 

[0095] Also, the moving ranges of the first and second 
movable sections 2A, 28 are rendered smaller than 

IS those in the first embodiment of the present invention. 
However, the possibility of the breakage caused by the 
mutual contact of the first and second movable sections 
2A, 28 is eliminated so as to Improve the reliability of 
the electrostatic actuator. 

20 [0096] It should also be noted that each of the holding 
electrode sections 14A, 148 is in the shape of a rectan- 
gular flat plate. This facilitates the manufacture of the 
holding electrode sections 14A, 148 so as to contribute 
to the reduction in the manufacturing cost. 

^5 [0097] The methods of manufacturing the first and 
second movable sections 2A, 28 and the stator 3 in each 
of the first to third embodiments described above will 
now be described with reference to FIGS. 15A to 19. 
[0098] The method of manufacturing the stator 3 will 

30 be described first with reference to FIGS. 15A to 15C. 
[0099] FIG. 15A is apian view showing in a developed 
fashion the parts of the movable section. FIG. 15B is an 
oblique view showing the assembled state of the mov- 
able section shown in FIG. 15A. FIG. 15C is apian view 

35 schematically showing the state that the parts of the 
movable section are mounted to a mold in the process 
of manufacturing a stator frame. Further, FIG. 15D Is an 
oblique view schematically showing the movable sec- 
tion manufactured through the step shown in FIG. 15C. 

40 [0100] As shown in FIG. ISA, the parts of the first 
movable section 2A comprise a first flat plate 20 having 
the electrode 4 mounted thereto, a second flat plate 21 
having the electrode 5 mounted thereto, an arcuate first 
connecting member 22 for connecting the first flat plate 

45 20 and the second flat plate 21 to each other, an arcuate 
second connecting member 23, and an abutting mem- 
ber 24 attached to the first flat plate 20. The driving elec- 
trode 4 on the side of the movable section, which has a 
concave-convex configuration, and the fixing electrode 

50 5 on the side of the movable section is formed by etching 
on the surfaces of the first flat plate 20 and the second 
flat plate 21 , respectively. The first flat plate 20, the sec- 
ond flat plate 21 , the first connecting members 22, 22, 
the second connecting members 23. 23, and the abat- 
es ting member 24 are integrally formed by a press molding 
from a metal plate. 

[0101] The parts of the first movable section 2A are 
assembled by the folding as shown In FIG. 15B. Specif- 
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ically. the connecting portion between the first flat plate 
20 and the first connecting members 22. 22, the con- 
necting portion between the second flat plate 21 and the 
first connecting members 22, 22, the connecting portion 
between the second flat plate 21 and the second con- 
necting members 23, 23, and the connecting portion be- 
tween the second connecting members 23, 23 and the 
abutting member 24 are folded such that the driving 
electrode 4 on the side of the movable section and the 
fixing electrode 5 on the side of the movable section are 
arranged on the outside. After the folding, the abutting 
member 24 is bonded to the first flat plate 20 by, for ex- 
ample, a spot welding. The first connecting members 
22, 22 and the second connecting members 23, 23 are 
capable of elastically receiving the pressure from the 
outside, with the result that the movable section is con- 
structed flexible. 

[0102] In the next step, the parts of the first movable 
section 2A are fixed by a resin as shown in FIG. 15C. 
[0103] For fixing the first movable section 2A, used 
are molds 25A, 25B, 25C and 25D, which can be sepa- 
rated into four parts. The convex portions of the driving 
electrode 4 on the side of the movable section and the 
fixing electrode 5 on the side of the movable section are 
allowed to abut against the inner surfaces of the molds 
25A. 25B and, thus, concave recessed spaces are 
formed on the Inner surfaces of the molds 25A, 25B. The 
mold 25C is fixed in a sandwiched fashion between the 
molds 25A and 258. Convex portions in which the lens 
6 having a stepped shape is fitted are formed in the outer 
surfaces of the mold 25C facing the inner walls of the 
molds 25A, 258. The mold 25D is also fixed in a sand- 
wiched fashion between the molds 25A and 258 and 
positioned to face the mold 25C. The mold 25D is ar- 
ranged to abut against the mold 25C and to be apart 
from those regions of the first and second flat plates 20, 
21 in which the driving electrode 4 on the side of the 
movable section and the fixing electrode 5 on the side 
of the movable section are not an^anged. 
[0104] In the first step, the molds 25A and 258 are 
arranged in contact with the driving electrode 4 on the 
side of the movable section and the convex portion of 
the fixing electrode 5 on the side of the movable section 
of the first movable section 2A. Then, the molds 25C 
and 25D are inserted into the clearance between the 
molds 25A and 258 in a manner to close the up-down 
direclion of the first movable section 2A. As a result, the 
first movable section 2A is covered with the molds 25A 
to 25D. In this step, the first flat plate 20 and the second 
flat plate 21 are urged against the molds 25A, 258 by 
the connecting members 22, 22, 23, 23. The molds 25A 
to 25D arc fixed so as not to be moved. 
[0105] In the next step, a resin is introduced into the 
clearance through a resln-introducing hole 26 commu- 
nicating with a part of the mold 258. In this step, the 
molds 25A to 25D are maintained at about 150*C by a 
heating means such as a heater, and the resin is poured 
into the clearance under a state maintained at about 



SOCC. After the pouring of the resin, the poured resin 
is gradually cooled with time to about room temperature 
so as to be solidified. By the solidification of the resin, 
the first movable section 2A is fixed without being moved 

5 by the connecting members 22, 22, 23, 23. 

[0106] It should be noted that, in this stage, the first 
and second flat plates 20. 21 are urged by a predeter- 
mined elastic force against the molds 25A, 25B, with the 
result that the first and second flat plates 20, 21 are held 

10 apart from each other by a substantially predetermined 
distance. As a result, the distance between the driving 
electrode 4 on the side of the movable section and the 
fixing electrode 5 on the side of the movable section of 
the first movable section 2A prepared by solidifying the 

15 resin is held substantially constant. In addition, the non- 
uniformity In the manufacturing accuracy can be elimi- 
nated so as to obtain a plurality of first movable sections 
2A having substantially the same shape. 
[0107] As shown In FIG. 15D: the lens 6 is mounted 

20 to one surface in the axial direction of the first movable 
section 2A. 

[0108] Incidentally, the second movable section 2B 
can also be manufactured by a method similar to the 
method of manufacturing the first movable section 2A 
25 described above. 

[01 09] The resin to be introduced into the clearance 
is preferably a material having a conductive character- 
istics into which electrical conductive particles such as 
carbon particles are mixed to improve an reliability of 
30 the wiring on the movable sections 2A and 28. 

[01 10] The manufacture of the stator frame 3 will now 
be described with reference to FIGS. 16A to 16C. 
[0111] As shown in FIG . 1 6A, used are two separable 
molds 30A, 30B. Bores are formed in these molds 30A, 
35 308 such that, when the molds 30A and 308 are com- 
bined, the bores are allowed to confomn with the outer 
configuration of the stator frame 3. 
[01 12] At the beginning, the molds 30A and 308 are 
in a separated state. 
40 [01 1 3] The glass plates 13,15 each having a substan- 
tially U-shaped lateral cross section are arranged such 
that the back surfaces of the glass plates 13, 15 are 
brought into contact with the convex portions of a pair 
of mutually facing surfaces 31 A, 31 8 of the molds 30A, 
45 308, respectively. The pattemed driving electrode sec- 
tion 12 and the holding electrode 14 are fomied on the 
surfaces facing the back surfaces of the glass plates 13, 
1 5 and arranged on the surfaces 31 A, 31 8 of the molds 
30A: 308, respectively, in a manner to pemnit the driving 
50 electrode section 12 and the holding electrode section 
14 to face each other. It should be noted that the glass 
plates 13, 15, in which the shapes of these electrodes 
are simplified, are shown in FIG. 168. 
[0114] The molds 30A and 308 are combined such 
55 that the side surfaces of a parallelepiped core 32 shown 
in FIG. 16D are In contact with a surface 31 C, not in 
contact with a surface 31 D, and in contact with edges 
33 of the driving electrode section 12 and the holding 
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electrode section 1 4. When the molds 30A and 30B are 
combined, the concave portions of the driving electrode 
section 12 and the holding electrode section 14 are not 
in contact with the concave portions of the core 32, the 
surface 31 D and the surface 31 C. Incidentally, the de- 
tails in the shapes of the molds 30A and 30B are partly 
omitted in FIG. 16C. 

[01 15] It should also be noted that the core 32 is not 
In contact with surfaces 34A, 34B, and 34D and is In 
contact with the convex portion of a surface 34C. 
[0116] A resin having a conductivity such as a resin 
is poured into the clearance between the core 32 and 
the surfaces 34A to 34D. In this stage, the molds 30A, 
30B are kept heated to about ISC^C by a heating means 
such as a heater, and the resin is poured into the clear- 
ance In a state held at about 300**C. After the pouring, 
the resin is gradually cooled with time to about room 
temperature so as to be solidified. 
[0117] The core 32 is taken out a predetermined lime 
later (after completion of solidification of the resin), and 
the molds 30A and SOB are separated from each other 
so as to obtain the stator 3 of a desired shape. 
[01 18] The electrostatic actuator is prepared by com- 
bining the first and second movable sections 2A, 2B, the 
stator 3 and the glass plates 13, 15 thus manufactured. 
[0119] Another method of manufacturing the movable 
section will now be described with reference to FIGS. 
17A to 17C. 

[0120] As shown in FIG. 17A, the driving electrode 4 
on the side of the movable section is obtained by 
processing a silicon substrate. The concave-convex 
configuration of the driving electrode 4 on the side of the 
movable section is fomned by an etching such that one 
surface of the silicon substrate is allowed to bear a con- 
cave-convex configuration of a desired size, i.e., on the 
order of several microns. The etching method is equal 
to the method employed for increasing the degree of in- 
tegration of an LSI. It is possible to employ any of the 
wet etching and the dry etching for forming the concave- 
convex configuration noted above. 
[0121] As shown in FIG. 1 7B, a body 35 of the mov- 
able section is prepared by assembling a flat plate 
formed of a conductive resin into a parallelepiped state. 
The lens 6 is mounted in the axial direction of the body 
35 of the movable section, and a pad 36 to which Is con- 
nected a ground wiring 7 connected to the ground is 
formed in a part of the side surface of the body 35 of the 
movable section. 

[0122] As shown in FIG. 1 7C, the driving electrode 4 
on the side of the movable section thus prepared is 
bonded to the body 35 of the movable section, and the 
fixing electrode 5 is bonded to the upper surface of the 
body 35 of the movable section with an acrylic adhesive 
that is cured upon irradiation with an ultraviolet light so 
as to prepare the first movable section 2A. 
[0123] An electrostatic actuator is manufactured by 
combining the first movable section 2A thus manufac- 
tured and the stator 3. 



[0124] The method of manufacturing the movable 
section will now be described with reference to FIG. 1 8. 
[0125] FIG. 18 shows the method of manufacturing 
the movable section. As shown in the drawing, molds 
5 37A to 37D are combined, and a resin is poured into the 
clearance among the molds 37A to 37D so as to man- 
ufacture the first movable section 2A. Incidentally, the 
mold 37D has a length reaching the mold 37C. 
[0126] The resin poured into the clearance among the 

10 molds 37A to 37D Is prepared by mixing carbon particles 
38 with carbon fibers 39 each having an electrical con- 
ductivity. Incidentally, the carbon particles 38 are sub- 
stantially in the form of spheres each having a diameter 
of several microns. On the other hand, the carbon fibers 

'5 39 are in the form of rods each having a diameter of 
about 1 0 |im and a length of scores of microns. The first 
movable section 2A that is not provided with a lens is 
prepared by solidifying the particular resin. 
[0127] According to the manufacturing method de- 

^0 scribed above, the convex shapes of the driving elec- 
trode 4 on the side of the movable section and the fixing 
electrode 5 on the side of the movable section of the first 
movable section 2A are formed at an inten^al of about 
20 ^m. Therefore, it is possible for the carbon fiber 39 

25 not to enter the clearance between adjacent convex por- 
tions 40, i.e., not to enter a concave portion 41 . Howev- 
er, even if the carbon fiber does not enter the concave 
portion 41 , the carbon particle 38 mixed in the resin en- 
ters the concave portion 41 . It follows that it is possible 

30 to obtain the first movable section 2A having a good con- 
ductivity. 

[01 28] The movable sections 2A. 28 may be made of 
a nonconductive resin. In these movable sections 2A, 
2B, an electrical conductivity can be applied to the mov- 

35 able sections with plating a conductive film on the mov- 
able sections 2A, 28 after the molding. This method 
have a disadvantage of increasing manufacturing steps, 
but according to this manufacturing method, a good con- 
ductivity can be applied to the movable sections 2A, 2B. 

40 [01 29] Another method of manufacturing the movable 
section and the stator will now be described with refer- 
ence to FIG. 19. 

[0130] FIG. 19 shows the manufacturing method of 
the movable section and the stator. As shown in the 

45 drawing, the first and second movable sections 2A, 28 
and the stator 3 into which the first and second movable 
sections 2A, 2B are inserted are formed in a single mold 
42A. Incidentally, FIG, 19 shows an example of the mold 
in which two stators and two movable sections are 

50 formed. 

[01 31 ] The shape of the mold of the first end second 
movable sections 2A, 28 is substantially equal to that 
shown in FIG. 18. Also, the shape of the mold of the 
stator 3 is substantially equal to that shown in FIG. 1 6A. 
55 The shapes of the driving electrode 4 on the side of the 
movable section and the fixing electrode 5 on the side 
of the movable section are formed on a pair of mutually 
facing Inner surfaces 43A. 43B of the first movable sec- 
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tion 2A. Also, the shapes of the driving electrode 12 and 
the holding electrode 1 4 are f ornned on a pair of mutually 
facing inner surfaces 44A, 44B of the mold of the stator 
3. 

[0132] By using the molds 42A, 42B of the particular 
construction, it is possible to manufacture the first and 
second movable sections 2A, 28 and the stator frame 
3 low in the non uniformity of the dimensional accuracy 
in a short time on the mass production basis. 
[0133] Needless to say, the present Invention is not 
limited to each of the embodiments described above 
and can be worked in variously modified fashions within 
the technical scope of the present invention. For exam- 
ple, it is possible to detect the positions of the two mov- 
able sections by an optical sensor and, if these two mov- 
able sections are likely to collide against each other, it 
is possible to fix temporarily one of these movable sec- 
tions so as to avoid the collision. 

[0134] Also, it is not absolutely necessary for two 
movable sections to be inserted into the stator. It is pos- 
sible for three or more movable sections to be inserted 
into the stator in order to obtain a desired magnification. 
[0135] Further, the shapes of the first bonding mem- 
ber and the second bonding member are not particularly 
limited as far as these bonding members are shaped to 
produce elastic characteristics. 



Claims 

1. An electrostatic actuator, characterized by com- 
prising: 

first stator electrodes (12, 12A, 128, 12C. 12D) 
arranged in a predetermined direction and ex- 
tending in a direction crossing the predeter- 
mined direction; 

a second stator electrode (14A) arranged to 
face the first stator electrodes (12, 12A, 128, 
12C, 12D) and extending in the predetermined 

direction; 

a third stator electrode (14B) arranged to face 
the first stator electrodes (12, 12A, 12B, 12C, 
1 2D) and extending In the predetemriined direc- 
tion so as to be electrically isolated from the 
second stator electrode (14A); 
a first movable section (2A) provided with first 
and second movable section electrodes (4, 5), 
arranged movable within a moving space in the 
predetermined direction, the moving space be- 
ing defined between the first stator electrodes 
(12, 12A, 12B, 12C, 12D) and the second stator 
electrode (14A). the first movable section elec- 
trodes (4) being mounted to the first movable 
section (2A) to face the first stator electrodes 
(12, 12A, 12B. 12C, 1 2D), and the second mov- 
able section electrode (5) being mounted to the 
first movable section (2A) to face the second 



stator electrode (14A); and 
a second movable section (28) provided with 
third and fourth movable section electrodes (8, 
11), arranged independently of the first mova- 

5 ble section (2A), the second movable section 

(2B) being movable within the moving space in 
the predetermined direction, the third movable 
section electrodes (8) being mounted to the 
second movable section (2B) to face the first 

10 stator electrodes (12, 12A, 128, 12C, 12D), and 

the fourth movable section electrode (11) being 
mounted to the second movable section (2B) to 
face the third stator electrode (148). 

15 2. The electrostatic actuator according to claim 1, 
characterized by further comprising first and sec- 
ond lenses (6, 9) arranged within the first and sec- 
ond movable sections (2A, 28), respectively. 

20 3. The electrostatic actuator according to claim 1, 
characterized in that the first stator electrodes (12, 
12A, 128, 12C, 12D).thefirst movable section elec- 
trodes (4) and the third movable section electrodes 
(8) arc arranged substantially in parallel in substan- 

25 tialiy the same pitch and have substantially the 
same width. 

4. The electrostatic actuator according to claim 1, 
characterized in that the first movable section 
30 electrodes (4) and the third movable section elec- 
trodes (8) are arranged substantially in parallel in 
substantially the same pitch and have substantially 
the same width. 

35 5. The electrostatic actuator according to claim 4, 
characterized in that the first stator electrodes (12, 
12A, 128, 12C, 12D) is arranged at a pitch equal to 
one-fourth of the arranging pitch of the first movable 
section electrodes (4) and the third movable section 

40 electrodes (8). 

6. The electrostatic actuator according to claim 1, 
characterized in that the first movable section (2A) 
is capable of being moved In the moving space in 
4^ the predetermined direction with the fourth movable 
section electrode (11) being attracted to the third 
staler electrode (1 48) so as to hold the second mov- 
able section (28). 

so 7. The electrostatic actuator according to claim 1, 
characterized by further comprising: 

a driving circuit (19) configured to supply first 
and second driving signals to the first and sec- 
55 ond stator electrodes (12. 12A, 128, 12C, 12D. 

14A). respectively, to move the first movable 
section (2A) in the predetermined direction, and 
to supply a holding voltage signal to the third 
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stator electrode (14B) to hold the second mov- 
able section (2B). 

8. An etectrostatic actuator characterized by com- 
prising: 5 

a stator (3) including a hollow stator frame hav- 
ing a space extending in a predetemiined di- 
rection, the stator frame having a first inner sur- 
face extending in parallel to the predetermined io 
direction and a second inner surface facing the 
first inner surface, first stator electrodes (12, 
12A, 12B, 12C, 12D) arranged in the predeter- 
mined direction on the first inner surface and 
each of the stator electrodes (12. 12A, 128, is 
1 2C, 1 2D) extending in a direction crossing the 
predetemnined direction, and second and third 
stator electrodes (148, 14C) electrically Isolat- 
ed each other, arranged on the second inner 
surface and extending In the predetermined di- 20 
rection; 

a first movable section (2A) arranged in the 
space to be movable in the predetermined di- 
rection, the first movable section (2A) including 
first movable section electrodes (4) facing the 25 
firststatorelectrodes(12, 12A, 128, 12C, 12D), 
each of the first movable section electrodes (4) 
extending in a direction crossing the predeter- 
mined direction, and a second movable section 
electrode (5) extending in the predetermined di- 30 
rection to face the second stator electrode 
{14A): 

a second movable section (28) arranged in the 
space to be movable in the predetemnined di- 
rection, and including third movable section 3S 
electrodes (8) facing the first electrodes, each 
of the third movable section electrodes (8) ex- 
tending in a direction crossing the predeter- 
mined direction, and a fourth movable section 
electrode (11) extending in the predetermined 
di rectio n to face the th ird stator electrode (148), 
and 

a driving circuit (1 9) configured to supply a first 
driving signal to the first stator electrodes (12, 
12A, 128, 12c, 12D),tosupply oneof asecond ^5 
driving signal and a first holding voltage signal 
lo Ihe second slater electrode (14A), and to 
supply one of a third driving signal and a second 
holding voltage signal to the third stator elec- 
trode (14B) so as to move both or one of the 50 
first and second movable sections (2 A, 28) in 
the predetermined direction. 

9. The electrostatic actuator according to claim 8, 
characterized by further comprising first and sec- ss 
ond lenses (6, 9) an-anged within the first and sec- 
ond movable sections (2A, 28). respectively. 



10. The electrostatic actuator according to claim 8, 
characterized in that the first movable section (2A) 
is capable of being moved In the space In the pre- 
determined direction with the fourth movable sec- 
tion electrode (11 ) being attracted to the third stator 
electrode (148) so as to hold the second movable 
section (28). 

11. The electrostatic actuator according to claim 8, 
characterized in that the second and third stator 
electrodes (1 4A, 1 48) extend substantially in paral- 
lel in the predetermined direction, and the second 
and fourth movable section electrodes (5, 11) also 
extend substantially in parallel in the predetermined 
direction. 

12. The electrostatic actuator according to claim 8, 
characterized in that the second and third stator 
electrodes (14A, 148) are planar electrodes ex- 
tending in the predetermined direction and ar- 
ranged separately from each other in the predeter- 
mined direction, and the first and second movable 
sections (2A, 28) are moved within the range in 
which the second and third stator electrodes (14A, 
148) are extended in the predetermined direction. 

13. An imaging apparatus for forming an image of a 
subject on an image-fomning surface, character* 
ized by comprising: 

first stator electrodes (12, 12A. 128. 12C, 12D) 
arranged in a predetermined direction and ex- 
tending in a direction crossing the predeter- 
mined direction; 

a second stator electrode (14A) an^anged to 
face the first stator electrodes (12, 12A, 128, 
12c, 12D) and extending in the predetermined 
direction; 

a third stator electrode (148) arranged to face 
the first stator electrodes (12, 12A, 128. 12C, 
1 2D) and extending in the predetermined direc- 
tion so as to be electrically isolated from the 
second stator electrode (14A); 
a first movable section (2A) having afirst hollow 
space, provided with first and second movable 
section electrodes (4, 5), arranged movable 
within a moving space in the predetermined di- 
rection, the moving space being defined be- 
tween the first stator electrodes (1 2, 1 2A, 128, 
12c, 12D) and the second stator electrode 
(14A), the first movable section electrodes (4) 
being mounted to the first movable section (2A) 
to face the first stator electrodes (1 2, 1 2A. 1 28, 
12c, 12D), and the second movable section 
electrode (5) being mounted to the first mova- 
ble section (2 A) to face the second stator elec- 
trode (14A); 

a second movable section (28) having a sec- 
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ond hollow space, provided with third and fourth 
movable section electrodes (8, 11), arranged 
independently of the first movable section (2A), 
the second movable section (2B) being mova- 
ble within the moving space in the predeter- 5 
mined direction, the third movable section elec- 
trodes (8) being mounted to the second mova- 
ble section (2B) to face the first stator elec- 
trodes (12. 12A, 12B, 12C, 12D), and the fourth 
movable section electrode (1 1 ) being mounted io 
to the second movable section (28) to face the 
third stator electrode (14B); 
a first optical lens system (6) having a first op- 
tical axis arranged in the predetenrtined direc- 
tion within the first hollow space; *5 
a second optical system (9) having a second 
optical axis arranged in the predetermined di- 
rection within the second hollow space, the im- 
age forming surface configured to face an im- 
age of a subject depending on the positions of 
the first and second lens systems (6, 9) relative 
to the image-forming surface; and 
a driving circuit (1 9) configured to supply a first 
driving signal to the first stator electrodes (12, 
12A, 12B, 12C, 12D),tosupply oneof asecond 25 
driving signal and a first holding voltage signal 
to the second stator electrode (14A), and to 
supply one of a third driving signal and a second 
holding voltage signal to the third stator elec- 
trode (14B) so as to move both or one of the 30 
first and second movable sections (2A, 2B) in 
the predetemiined direction. 

14. The imaging apparatus according to claim 13, char- 
acterized In that the second and third stator elec- 3s 
trodes (14A, 148) extend substantially in parallel in 

the predetermined direction, and the second and 
fourth movable section electrodes (5, 11) also ex- 
tend substantially in parallel in the predetermined 
direction. 

15. The imaging apparatus according to claim 13, char- 
acterized in that the second and third stator elec- 
trodes (14A, 148) are planar electrodes extending 

in the predetefmined direction and separated from ^5 
each other in the moving direction, and the first and 
second movable sections (2A, 28) are moved within 
the ranges in which the second and third stator elec- 
trodes (14A, 14B) expand in the moving direction. 

so 

16. A method of driving an electrostatic actuator, said 
electrostatic actuator characterized by compris- 
ing: 

first stator electrodes (12, 12A, 12B, 12C. 12D) 55 
arranged in a predetermined direction and ex- 
tending in a direction crossing the predeter- 
mined direction; 



a second stator electrode (14 A) arranged to 

face the first stator electrodes (12. 12A, 12B, 
12C. 12D) and extending in the predetermined 
direction; 

a third stator electrode (14B) arranged to face 
the first stator electrodes (12, 12A, 12B. 12C, 
1 2D) and extending in the predetermined direc- 
tion so as to be electrically isolated from the 
second stator electrode (14A); 
a first movable section (2A) provided with first 
and second movable section electrodes (4, 5), 
arranged movable within a moving space in the 
predetermined direction, the moving space be- 
ing defined between the first stator electrodes 
(12. 12A, 12B, 12C. 12D) and the second stator 
electrode (1 4A), the first movable section elec- 
trodes (4) being mounted to the first movable 
section (2A) to face the first stator electrodes 
(12, 12A, 12B, 12C, 1 2D), and the second mov- 
able section electrode (5) being mounted to the 
first movable section (2A) to face the second 
stator electrode (14A); and 
a second movable section (2B) provided with 
third and fourth movable section electrodes (8, 
11), arranged independently of the first mova- 
ble section (2A), the second movable section 
(2B) being movable within the moving space in 
the predetermined direction, the third movable 
section electrodes (8) being mounted to the 
second movable section (2B) to face the first 
stator electrodes (12. 12A, 128, 12C. 12D), and 
the fourth movable section electrode (1 1 ) being 
mounted to the second movable section (28) to 
face the third stator electrode (1 48); said meth- 
od characterized by comprising: 

supplying a first driving a driving signal to 
the first stator electrodes (12, 12A, 128, 
12C. 12D); 

supplying one of a second driving voltage 
and a first holding voltage signal to the sec- 
ond stator electrode (14A); and 
supplying one of a third driving signal and 
a second holding voltage signal to the third 
stator electrode (14B) characterized in 
that both or one of the first and second 
movable sections (2 A, 28) move in the pre- 
determined direction. 
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(54) Electrostatic actuator and method of driving the same 

(57) An electrostatic actuator comprises first and 
second movable sections (2 A. 28) and a stator (3). The 
stator (3) has a hollow frame into which the movable 
sections (2A, 2B) are arranged independently. Driving 
electrodes (4, 8) are provided on surfaces of the mova- 
ble sections (2A, 28) and holding electrodes (5, 11 ) are 
also provided on the opposite surfaces pf the movable 
section (2A, 2B). A driving electrode section (12) is pro- 
vided on the Inner surface of the stator (3) facing the 
driving electrodes (4, 8) on the movable section (2A, 
28). Also, holding electrode sections (14A. 148) are pro- 
vided on the Inner surface of the stator (3) facing the 
holding electrodes (5, 11) on the movable section. 
Stripes of the electrodes (4, 8,12) are arranged in a lon- 
gitudinal direction and each strip is extended in a lateral 
direction crossing the longitudinal direction, and the 
holding electrodes (5), (11, 14A, 148) are extended in 
the longitudinal direction. Lenses (6. 9) are mounted to 
the movable sections (2A, 28) and the movable sections 
{2A, 28) are moved between the electrode section (12) 
and the electrode sections (14A, 148) and fixed inde- 
pendently so as to focus the image to be photographed, 
thereby magnifying or reducing the photographed im- 
age. 
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FIG. 3A 
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